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ABSTRACT 
The construction and maintenance of unsealed roads is a major responsibility of local 
and state governments, essential for the safe and efficient movement of people and 
goods. 
Transport efficiency within south-western Queensland is of state and national 
significance given the importance of the industries residing within it and attracted to 
it; namely oil and gas, agriculture, and tourism. This efficiency is facilitated by high 
quality road surfaces which are fit for the purpose designated them by the road user 
and the road authority. The purpose of this project is to conduct a review of current 
road construction and maintenance practices, guidelines and specifications, and to 
identify, with assistance from documented sources of knowledge, the material 
properties and pavement constituents which provide the most resilient unsealed 
pavement wearing course.  
Current maintenance practices were assessed, indicating a lack of technical 
knowledge of local materials and a subsequent inability to support their use for road 
building applications. The majority of road network in the Maranoa Regional 
Council is unsealed. Therefore, the literature review focussed on the quality 
assurance measures utilised in industry as benchmarks to recognise the road building 
capabilities of potential materials for unsealed road construction and rehabilitation.  
The project aimed to provide important technical information regarding the 
mechanical properties of locally produced road building materials, including the 
material qualities of both standalone and granular stabilised gravel products and the 
feasibility of stabilisation techniques employed; to identify reasonable solution 
pathways to improve the Maranoa Regional Council’ and South-West districts’ road 
building processes.  
The study focussed on the South West statistical district of the Department of 
Transport and Main Roads and the Maranoa Regional Council and the concepts 
shown may be investigated and applied to other state and local government 
authorities. Firstly, the material properties of locally sourced gravels were evaluated 
using material property standards and guidelines used within the national road 
building industry. Once the individual gravel material properties had been identified, 
a design aid, in the form of a spreadsheet, was developed to evaluate a series of 
potential granular blends using combinations of the standalone sources.  
The results of this study found 31 standalone gravel products, from which a further 
17 were developed by blending, found suitable for unsealed road construction, 
pursuant to further testing. Further feasibility analysis will provide more conclusive 
economic indication as to the likely geographical locations suitable for 
implementation of the blends determined herein.  
The processes used in this investigation, and in particular the pavement blending 
spreadsheet may be further developed to include logistical and economic parameters 
to allow for optimised material selection for the construction and maintenance of a 
good quality local road network. 
This paper revisits current best practices for unsealed roads and presents optimised 
pavement blends for use on the road networks in focus, allowing practitioners to 
maximise the reuse of available in-situ material and low cost borrow pit material. 
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GLOSSARY OF TERMS 
Aggregate A material composed of discrete mineral particles of specified size 
distribution, produced from sand, gravel or rock using one of the 
following processes; selective extraction, screening blasting or 
crushing.  
Atterberg Limit a basic measure of the critical boundary conditions of a soil. The 
limits are: 1. Liquid Limit 2. Plastic Limit 3. Shrinkage Limit 
Armchair grading a term used to describe Gap-graded materials, usually deficient in the 
intermediate size fraction above coarse sands. 
Base course layer of material comprising the uppermost structural element of a 
pavement, typically made up of crushed rock/gravels. 
Blending The process of mixing two or more sources of granular material to 
form one with desired superior properties to its constituent parts. 
Crossfall The slope of the carriageway measured at right angles to the control 
(centre) line. 
Cross section Vertical section at right angles to the pavement showing pavement 
depths and crossfall 
California Bearing It is an evaluation of the mechanical ratio (CBR) strength of a 
Ratio pavement under load. CBR can be precisely and meaningfully defined 
as: CBR2.5mm = q /69 where q is the stress (kPa) at 2.5 mm 
penetration on a 50 mm diameter footing/piston when driven at a rate 
of 1 mm/minute 
Dusting   The loss of fine material from the surface of an unsealed pavement 
Grading Coefficient A measure of the degree of particle interlock of a gravel. 
Gravel Performance It is an evaluation of the mechanical ratio (CBR) strength of a 
Indication pavement under load. CBR can be precisely and meaningfully defined 
as: CBR2.5mm = q /69 where q is the stress (kPa) at 2.5 mm 
penetration on a 50 mm diameter footing/piston when driven at a rate 
of 1 mm/minute 
.Kmz file  abbreviation for Keyhole Markup Language Zipped file for place 
Liquid Limit (LL) Moisture content at which soil passes from liquid state to plastic state 
Maintenance grading a periodic or scheduled activity to reinstate the geometric formation 
of an unsealed road, sometimes referred to as heavy formation 
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grading. Includes the addition of water to the pavement material and 
compaction via powered or towed roller. 
Mouldboard the moveable blade of a motor grader.  
Net Present Value  the difference in value of future benefits and costs, discounted by rate, 
to reflect current value 
Patrol grading routine light formation correction of an unsealed pavement without 
the addition of water to decrease roughness of the running surface. 
Plasticity Index (PI) the numerical difference between the value of Liquid Limit and the 
value of Plastic Limit of a soil 
Pugmill a machine capable of uniformly mixing aggregates with the 
incorporation of a desired water content. 
Ravelling the progressive disintegration of a pavement surface through loss of 
both binder and aggregate.  
Resheeting Adding additional pavement material to an unsealed formation which 
has otherwise been lost to dust, runoff or vehicular adhesion. 
Roughness Measure of surface irregularities reported in International Roughness 
Index (IRI) or as NAASRA Roughness meter counts (NRM – 
counts/km). 
Road Train A heavy vehicle consisting of a tractor unit (truck) and up to 3 trailer 
units. Type 1 road trains are made up of 1 tractor unit and two trailers 
while the Type 2 road trains have 3 trailers. 
Shrinkage Product A measure of the plasticity of the soil. 
Stabilisation A process by which the load bearing capacity of a material is 
improved, usually by increasing the amount of particle interlock and 
cohesion. 
Subbase The layer of pavement material directly below the base course and 
atop the Subgrade. 
Subgrade the prepared part of the road formation on which the subbase and base 
is constructed. 
Unsealed Road  a formed or unformed gravel road with no sealed surface. 
xxi 
 
Vertosol highly expansive clay containing Montmorillonite, often referred to 
as Black Soil. 
Wearing Course the uppermost layer of the road formation in contact with vehicular 
tyres, designed to resist abrasion from traffic and to minimise the 
entry of water. 
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Chapter 1 – Introduction 
1.1 Background  
The demand for road funding at both a State and Local Government level continues to 
outstrip that made available by a wide margin. There is little reason for Road Authorities 
to anticipate significant future funding improvement and it is now of importance to include 
the effects of tighter capital budgets moving into the future. At the same time community 
pressures are being imposed in the form of increased traffic volumes, and in the case of 
western Queensland – increasing heavy vehicle proportion within the aforementioned 
traffic stream. 
Clearly there is a need for optimisation and in this context it represents a trade-off between 
total road costs ·and the ability of the road to perform the functions of carrying traffic 
economically and satisfactorily in the long term. Optimisation will encompass selection, 
processing and use of materials, standard of construction, maintenance strategies and many 
other elements. A large portion of road pavements built each year in Queensland use a wide 
range of naturally occurring and processed materials in an unbound state. They are 
classified as 'flexible pavements'. This paper is concerned with this type of pavement and 
deals with the paving material, selection and its use. Conditions which impinge upon road 
design and construction in Queensland (e.g. traffic, climate, geology) are extremely diverse 
and the cost minimisation aspect of optimisation will ensure that a very wide range of 
materials will always be considered for unsealed pavement construction. This paper 
attempts to deal with acceptable performance characteristics by discussing such influences 
as material selection, quality control – through compliance with current standards, and 
variability. Suggestions for application of the techniques employed in the study are given 
to allow for an even broader application of ‘best practice’. 
1.1.1 Freight Linkages 
The Warrego Highway serves as the major east – west route across the south western 
Queensland area collectively known as Downs South West or South West. The highway is 
the main link between Brisbane and Toowoomba and centres further west of Toowoomba 
including the rapidly developing Surat Basin. It is also part of two National Routes – 
Brisbane to Melbourne and Brisbane to Darwin. Most of the major routes intersecting and 
including the Warrego are opened up to type 1 & 2 road trains The Warrego Highway forms 
a critical freight link between the Port of Brisbane and centres to the south, west and north. 
Freight moving from Victoria and New South Wales north to mining centres in central 
Queensland and into the Northern Territory, moves along the Leichardt, Carnarvon and 
Mitchell Highways. 
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In the regional area of the Maranoa, shown in Figure 1, the majority of traffic originates 
from the significant coal-seam gas & petroleum industry development in the Surat basin 
which extends from St George some 250 kilometres south of Roma, to north of the town 
of Injune – some 100 kilometres north of Roma. The agricultural industry has always been 
attributed to high heavy vehicle traffic in the region with Roma being home to the largest 
cattle selling facility in Australia. MRC (2016) – attracting cattle from locations in Victoria, 
New South Wales, South Australia and the Northern Territory. As will be shown in the 
subsequent sections, much of the traffic on the MRC network travel on unsealed roads. 
1.1.2 Maranoa Regional Council 
 
Figure 1.1: Maranoa Regional Council Local Government boundary. (Source: 
http://www.dilgp.qld.gov.au) 
Maranoa Regional Council was officially formed on the 15th March 2008 as part of the 
Queensland Local Government Reform processes introduced by the Queensland State 
Government. The new Council area was established through the amalgamation of Roma 
Town Council, Bungil Shire Council, Bendemere Shire Council, Waroo Shire Council and 
Booringa Shire Council. The region is home to approximately 13,000 people, maintaining 
a proud and productive rural industry which in more recent years has been complimented 
with industrial expansion in the energy and tourism sectors. 
The Maranoa Regional Council’ road network is broken down into the following; 6300 
kilometres of maintained road – spread throughout the works areas of Injune, Roma rural, 
Yuleba, Mitchell, and Surat. Of that 6300 kilometres, over half of the road network is 
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unsealed at 3608 kilometres. The localities of Surat & Injune have a predominance of 
unsealed roads. 
1.1.3  Downs South West Region & South West District 
 
Figure 1.2: Transport and Main Roads' - South West region (Source: tmr.qld.gov.au) 
The Downs South West region is comprised of the South West and Darling Downs Districts 
and is situated in south western Queensland, covering an area of 70,000 km2 .The area 
included in this study is the South West District which encompasses Augathella in the north, 
the town of Miles to the east - with the district extending south and west to the New South 
Wales and South Australian state borders respectively. The South West district has 
stewardship of approximately 400 kilometres of unsealed roads as of June 2015 
(Queensland Government 2016).  
1.2 Project Introduction 
The majority of land area within MRC and SW is of a rural persuasion with the majority 
of the former serviced by unsealed roads as detailed in section 1.1.3 above. It is therefore 
imperative that the custodians of the road network provide a well maintained road network 
for the residents and businesses located in these areas. As with most regional councils in 
Australia, knowledge transfer between technical staff that is, Engineers, technical officers 
and those who carry out the construction and maintenance tasks in the field that is, the 
Gangers and Foremen – can be lacking resulting in a broad range of possible construction 
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alternatives which can be both positive or conversely very poor which results in poor 
performance in-service necessitating costly rework. It is therefore important to bridge the 
gap between standardised practice and best practice, this will be done by a study into the 
current practises and processes employed and by identifying areas where improvements 
could be made.  
 
1.2.1  Problem Justification 
Annually, local government authorities around Australia spend a large amount of their 
yearly capital expenditure on the construction and upkeep of local roads. The fiscal years 
from 2014 to 2016 inclusive, saw approximately $ 12.63 million spent on maintenance of 
unsealed roads within the MRC region with just over $ 550,000 spent on approximately 
400 kilometres of unsealed roads within the state managed SW region in the 2015/16 
financial year. (TMR 2016).  
In order to spend the available money as efficiently as possible, an investigation must be 
undertaken to identify avenues for such efficiencies, while still providing a quality finished 
product offering a high level of service to end users. 
1.2.2 Existing Situation 
For many years, the task of road maintenance has been completed using the skills of local 
gangers and labourers with roads being built “by eye”, the practices employed to complete 
this task are almost entirely empirical and based upon local knowledge with little 
consideration for a technically superior process and material documentation methodology. 
This historical reliance on local knowledge and little or disorganised documentation of best 
practices underlies the necessity for this research, as local roads in the Maranoa region are 
often in a state of disrepair after rainfall events and due to the large distances involved in 
mobilising plant and machinery to some of the more remote parts of the shire, drive 
rehabilitation and maintenance costs even higher. Unsealed road maintenance in the MRC 
and SW region is completed using material often sourced within close (<100 kilometres 
from site) from locally operated gravel pits or roadside borrow pits, whereby the quality of 
the material is marginal and in some cases untested. Despite the adequacy of the finished 
unsealed pavement, there exists a lack of technical data to validate its integrity – a direct 
product of the failure of knowledge transfer between field staff and technical staff and 
engineers. 
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1.2.3 Potential Solutions 
Historical reliance upon local knowledge and experience has left many LGA’s and larger 
SRA’s in a state of technology deficit with respect to unsealed road maintenance. It is 
therefore pertinent to highlight by way of extrapolation the shortcomings in current practice 
as applied to unsealed road construction and maintenance, studies conducted in other parts 
of the QLD at a local government scale by Hanson (2010) and Yin (2011) in the 
Toowoomba region brought to light the inadequacy of unsealed road pavements and the 
need for consolidation with local and technical knowledge. A more recent study by 
Cassowary Coast Regional Council (2014) underlined the need for best practice 
implementation on their unsealed road network and also provided results from a recent in 
service trial of the practices laid out in the ARRB (2009) unsealed roads manual. The 
principles employed in all three of these studies can be applied to this project with specific 
attention paid to the differences in materials available in the study area. 
Of particular note within all three of the studies is the historical reliance upon MRTS05 
Type 2 materials, which are entirely suitable for sealed road construction but are generally 
unsuitable for unsealed road construction and maintenance activities. While this is still an 
issue for unsealed roads within the MRC and South-West regions, as at the time of writing, 
no commercial quarry within the region had capability to produce a compliant Type 2 
pavement material. 
There exists a wide range of solutions to improve the resilience of an unsealed road, some 
can be very costly to an organisation while others are relatively inexpensive. In-situ 
blending of pavement materials is a process gaining favour within MRC due to a ‘changing 
of the guard’. While sound in theory, the practice is conducted without first evaluating the 
mixture for performance. The practice is also limited by logistical issues, whereby it is not 
feasible to blend two or more materials with significant geographical separation – the cost 
of transport becomes too high. 
The least desirable method to improve resilience is to limit the usage of unsealed roads by 
heavy vehicles, this would not be feasible in the Maranoa or SW region due to the nature 
of industry and the need to move agricultural freight along most of these lower class 
linkages. 
1.2.4  Project Intention 
To facilitate the improvement in quality of roads constructed by in western Queensland, 
processes need to be in place to ensure the quality of the materials used. This requires 
documentation of the material properties of local gravels, in both raw and blended form. 
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The investigation of gravel pits within the Maranoa and Downs South West regions will 
provide important technical information regarding the physical properties of the road 
building materials that are produced. In addition to closing the gap in documented, 
technical information available, keeping current records on material data will better inform 
engineers and designers.  
Applying the Grading spreadsheet, road designers will have the ability to apply this 
information to theoretically evaluate a series of road blends against standard specifications 
to determine their suitability for a particular road rehabilitation or construction project.  
1.3 .Research Objectives 
Identifying the material property specifications as applied to unsealed pavements as 
opposed to the majority of pavement information on sealed road base course and sub-base 
course pavement materials. The purpose of this project is to examine the material properties 
of road base materials used in granular stabilisation, the effects on the pavement strength 
and resilience and the serviceability of the pavement. The following research objectives 
were identified: 
1 Research unsealed pavements and historical and current practices in unsealed 
pavement construction and rehabilitation. 
2 Identify qualitatively the aspects of unsealed roads which deem them fit for purpose. 
3 Research the modes by which unsealed roads deteriorate and identify the primary 
factors which lead to premature deterioration.  
4 Analyse the effect of increasing the proportion of fines in the pavement and how this 
increase correlates to strengthening of the uppermost wearing course of the pavement, 
and the sensitivity of the resilience to this modification  
5 Obtain grading criteria and material property data for aggregate sources found in 
South-western Queensland and compare their properties to those of ‘standard’ 
aggregates as stipulated in Queensland Main Roads Specifications. 
6 Develop an MS Excel spreadsheet which has the ability to calculate optimum blending 
proportions of the above road making materials to achieve the desirable wearing 
course resilience. 
7 Research the potential for this work to be included in sealed road shoulder 
rehabilitation & strengthening works and the potential for post stabilisation sealing by 
identifying the properties which aid adhesion of bitumen to wearing course pavement 
materials. 
8 Highlight the importance of the need to identify ‘best practice’ in road construction 
and rehabilitation given the need to preserve finite road building materials. 
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If time permits, a feasibility study accounting for the costs and benefits of blending 
unsealed pavement gravels and also the implementation of the techniques identified herein 
will be presented. This will be achieved using approximate cost figures obtained from 
Maranoa Regional Council. 
1.4  Conclusions 
This dissertation will review the current standards and guidelines utilised in the 
construction of unsealed roads and the specification of unsealed pavement material 
properties. This is for the express purpose of identifying methods of improving pavement 
resilience through better pavement design which is achieved through understanding of the 
performance of the parent material and its behaviour and as such how the material can be 
improved. 
It will offer MRC and South-West with pertinent information to determine the effectiveness 
of the available pavement gravels and the techniques employed in the maintenance of their 
unsealed roads. 
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Chapter 2 - Literature Review 
2.1 Outline 
Granular stabilisation of unsealed pavements is the process of improving the strength of 
the pavement via addition of selected particle sizes within an aggregate grading curve to 
create an aggregate blend. The strength improvements are achieved by increasing the level 
of particle interlock within the compacted pavement.  
By constructing a pavement layer with a suitable particle-size distribution and desirable 
plastic properties, granular/mechanical stabilisation can significantly improve the 
pavement strength, reduce required compactive effort, increase the abrasive resistance, 
decrease permeability and contribute to the resilience of the unsealed pavement overall.  
Current unsealed pavement rehabilitation practices employed by the majority of LGA’s 
and SRA’s are intrinsically inefficient and are carried out to provide a satisfactory 
geometric standard for road users, with little time and effort injected to improve the wearing 
resistance of the pavement which would provide better amenity, safety, and comfort for 
road users. 
2.2 Aggregate Blending 
This term refers to the action of mixing or blending two or more aggregate sources to 
produce a gravel with desirable intrinsic properties, in this case, for the construction of 
unsealed road base. This process, carried out to correct deficiencies in the parent materials, 
is more commonly referred to as ‘Granular Stabilisation’ – the action of improving the 
stability of the aggregates inherent physical or chemical properties. Austroads (2007), 
Guide to Pavement Technology: Granular Base and Subbase materials (AGPT04A) lists, 
in broad terms, the requirements of a pavement gravel: 
• Sufficient strength to support applied loads 
• Sufficient hardness to withstand particle crushing under load 
• Ability to be placed and compacted to meet specification requirements 
• Durable and not disintegrate over the life of the pavement. 
• Quality that is fit for purpose. 
These 5 requirements, along with others, determine the ability of a pavement to perform in 
service. 
As this project seeks to identify the qualities of road materials which are conducive to best 
practice pavement construction, a corollary of this will be to highlight that the majority of 
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available aggregate sources used in the construction and maintenance of unsealed roads in 
Western Queensland require stabilisation to improve their inherent physical properties.  
Many of the naturally occurring soils within MRC and the greater South West region 
comprise; sedimentary, alluvium, duricrust and weaker white rock, which although low in 
strong, hard rock aggregate from tertiary basalts, these weaker soils can be used as additives 
to a better quality material. In areas containing black and red Vertosols, say for instance on 
the plains west of Cunnumulla (WQ33 2000), these higher plasticity soils can offer 
desirable adhesive properties which assist in holding wearing coarse particles together and 
allow for the construction of a tight, smooth finished wearing surface. 
2.3 Strength of unsealed pavements 
Strength of granular pavements is determined by the pavements ability to withstand applied 
loads, Austroads (2007) divides pavement strength into working strength and ultimate 
strength – this review will focus on the ultimate strength as it gives a better approximation 
of the shear strength of the pavement which is directly related to particle interlock and 
shape of aggregate. Figure 2.1 below depicts the way in which stress is distributed through 
a well graded aggregate mix. 
 
Figure 2.1: Load transfer through a well graded gravel mix (Source: http://the-contact-
patch.com/book/road/c1602-the-pavement-structure) 
Particle interlock is the fit of individual particles together, the efficiency of this fit is 
determined primarily by the angularity, size and shape of aggregates. Where there is a 
wide range of particle sizes in the sampled aggregate, the aggregate or gravel is considered 
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to be well graded. Standard grading curves or particle-size distribution curves for TMR 
specified gravels are shown below in Figure 2.1. 
 
Figure 2.2: Particle size grading curves for MRTS05 gravels. (Source: Smith 2016) 
Poorly graded gravels are more susceptible to loss of strength due to higher permeability, 
which is accentuated during rainfall events where fine particles can be washed from the 
pavement leading to accelerated pavement deformation under heavy vehicle loading, 
covered in greater detail in the following sections. Once this has occurred the loss of 
pavement strength is sufficient to require blending with other materials to correct the 
grading deficiency – thus stabilising the pavement. 
2.4 Pavement Defects  
Unsealed roads can be prone to a number of defects, categorised broadly into: 1) surface 
defects, and 2) Structural defects. This categorisation allows for analysis of the root cause 
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of the defect to be established. In general terms, surface defects relate to the safety and 
comfort of the running surface, while structural defects are the result of over-stressing the 
pavement and/or subgrade leading to partial or complete failure of the pavement.  
2.4.1 Surface defects  
Corrugations; caused by material displacement resulting from tyre action, coupled with 
vehicle mass and velocity. Typified by the surface material arranging itself into parallel 
ridges lying at right angles to the direction of travel. Figure 2.2 below depicts a heavily 
corrugated wearing course. 
 
Figure 2.3: Corrugations formed in a gravel surface. (Source: http://www.beadelltours.com.au) 
2.4.2 Rutting  
Rutting of the wearing course occurs in vehicle wheel paths, as shown in Figure 2.3 below. 
As with other forms of deterioration in unsealed pavements, climatic conditions influence 
the type of deterioration. Rutting is subdivided into dry season rutting, and wet season 
rutting. 
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• Dry season rutting: affects non cohesive materials (silts and sands) prone to 
vehicular displacement by the action of vehicle wheels. 
• Wet season rutting: affects pavement materials with water sensitivity (clays). 
Water enters the pavement from either the surface or the subgrade leading to 
deformations under the actions of traffic. Other factors such as poor compaction, 
poor surface drainage, excessive fines, overloaded vehicles, and of greatest 
relevance to this study – poor grading can lead to rutting of the surface. 
 
Figure 2.4: Rutting in road surface (Source: www.lgam.info) 
Stabilisation is seen as a potential solution to prevention of rutting in unsealed pavements. 
2.4.3 Surface Scour 
The loss of material from the wearing course by the action of water flowing across it is 
called surface scour. Scour is exacerbated by adverse cross falls (greater than 6 %), lack of 
compaction, and poor shoulder drainage. Pavements high in fines and sands, materials 
passing the 2.36mm sieve, are susceptible to scour in high rainfall environments. Scouring 
and rutting generally occur together as material prone to rut is usually high in fines and so 
is also likely to rut. Pavement materials with suitable grading and where possible, angular 
shaped stone, is more resilient against scour. 
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Figure 2.5: transverse surface scouring. (Source: roadmaker.com) 
2.5 Wearing resistance 
Wearing resistance plays a key part in deciding the overall resilience of an unsealed 
pavement to the deteriorating effects of vehicle trafficking and environmental degradation.  
The ability of an unsealed wearing course to resist abrasion from vehicular traffic, scouring 
by water and loss of wearing surface fines by wind action to a lesser extent, is its wearing 
resistance. Part 6 of the Guide to Pavement Technology, states that the pavement should 
be able to be compacted to form a ‘tight surface’ whereby the aggregates are held firmly in 
place by the surrounding soil matrix. 
The wearing course degradation commences once the surface begins to lose particles 
smaller than 0.475mm through dusting, this then exposes the larger aggregates which are 
then prone to loosening by tyre impact leaving the wearing course in a ‘boney’ state – this 
process is generally referred to as ravelling, the precursor to other modes of failure. Figure 
2.5 below depicts a tight, well finished unsealed wearing course. 
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Figure 2.6: A high quality unsealed pavement wearing course. (Austroads 2009) 
2.6 Material Specifications for Unsealed Pavements 
Australian Road Research Board (ARRB) produced the guideline, ‘Pavement Materials in 
Road Building - Guidelines for making better use of local materials’ in which they gathered 
information across Australia on how different types of pavement materials perform. The 
information gathered was from local experience, soil characteristics and case studies. This 
study highlighted the importance of local knowledge when it comes to attaining suitable 
road making materials in rural locations. During investigating the literature for this project 
it has been evident that South Africa and Australia have been carrying out numerous studies 
in increasing the quality of the available pavement materials and the performance of these 
to reduce ongoing maintenance costs. South Africa has a vast network of unsealed roads 
which makes up approximately 75% of their total road network and the unsealed road 
network makes up approximately 95% of the low volume road network. This is 
considerably higher than what can be observed in the MRC region and the broader SW 
District where percentage of unsealed to sealed roads is at most 50%. 
Austroads (2009) AGPT06 - Unsealed Pavements & Paige-Green (2007) provide desirable 
specifications for unsealed wearing course aggregates. They vary in terms of the sizing 
specified for maximum aggregate sizing, the Austroads (2009) guide is based upon an out 
of date NAASRA (1980) guide and gives the desirable qualities and specifications for 
unsealed wearing course. Conversely, the South African work determines the specification 
based upon measured performance criteria which is closer to what is required in the field 
and would appear to be the better practice, given their reliance upon unsealed pavements 
within their network.  
Although not targeted to the science of material specification for unsealed wearing 
course/base courses, the TMR Guideline - WQ35 – Paving Materials and Type Cross 
Sections for Roads on Expansive Soils in Western Queensland provides advice as to the 
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selection of materials in areas where stronger MRTS05 Type 2 pavement materials cannot 
be sought, this is summarised in figure 2.6 below. 
 
Figure 2.7: Preferred limits for selected properties for pavements in Western Queensland. (Source WQ35 
- Western Queensland Best Practice Guidelines TMR (2000)) 
These specifications agree reasonably well with what is given in Austroads and ARRB in 
terms of the specifications for the fines proportion of samples, however the PSD 
specification is too broad and lacking intermediate sieve sizes such as the 37.5mm & 
26.5mm which are considered to be critical for unsealed pavement material specification. 
The Austroads (2009) guide refers to these performance based specifications devised by 
the South African Department of Transport. These specifications, in conjunction with those 
provided in the ARRB Unsealed Roads Manual: guidelines to good practice will provide 
a benchmark by which to scrutinise the collected soil data against.  
 
Figure 2.8: Fines Component Properties for Type 3 pavement material. (Source TMR 2016). 
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Here the Weighted Plasticity Index is given as a maximum of 360 for the subtypes 3.3 
through to 3.5, ARRB (2009) suggest that this value can be in the range of 300 to 400 for 
the express purpose of minimising strength losses seen to arise in pavements which are 
both high in fines and highly plastic. A simple field test to determine if the sample will 
exhibit satisfactory durability is to place a sample of the material in a bucket of water for a 
day, if the sample has collapsed or dispersed it will be of weak strength and should be used 
cautiously. 
 
Figure 2.9: Unsealed Wearing Course properties. (Source: Austroads 2009) 
Figure 2.8 above gives the performance based characteristics for unsealed wearing course 
aggregates. This can be set up simply in a spreadsheet for characterising the existing 
pavement material and can also be used to determine which properties are deficient and 
thus require modification. 
 
Figure 2.10: South African performance based specifications. (Source Austroads 2009). 
The guide also provides a useful metric from which to identify the suitability of the 
pavement gravel for use as a wearing course. Paige-Green (1998) identifies that Shrinkage 
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Product (SP) and Grading Coefficient (GC) are directly correlated where the grading 
coefficient is a measure of the particle interlock, as given in Figure 2.9 above. Plotting the 
Shrinkage product against the Grading Coefficient, the graphic below presents the 
performance indicator against the probable response of the wearing course to the given 
material characteristics. (Figure 2.10) 
 
Figure 2.11: Categorisation and performance of different gravels. (Source Austroads 2009). 
 
Table 1: Performance indication categories. (Adapted from Austroads 2009). 
A Erodible Comprises sandy and clayey silts with 
insufficient plasticity to provide tight 
bonding. Sensitive to erosion with crossfall 
runoff and inclines 
B Corrugates and Ravels Comprises sands and sandy gravels with 
little plasticity; therefore, aggregate 
becomes loose (ravelling) and corrugations 
develop from vehicle suspension 
oscillation. Prone to erosion in high rainfall 
areas. 
C Ravels Comprises coarse gravels with little fines or 
plasticity to bind the aggregate and 
therefore, ravels quickly. 
D Slippery Comprises silty clays and clayey gravels 
with high fines content producing 
slippery surfaces when wet. 
E Good Comprises well-graded soil aggregate 
mixes with sufficient plasticity to bind 
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aggregate fractions into a hard wearing 
tight surface. Higher fines content can 
produce a dusty surface. 
 
To ensure stability during rainfall events which includes unpredictable natural disasters 
such as the damaging Cyclone Yasi, the permeability ratio of an unsealed wearing course 
should be specified and adhered to as closely as practically possible – regardless of the 
average rainfall experienced at the project site. The desirable permeability ratio or fines to 
sands ratio for an unsealed wearing course or unsealed shoulder should be between 0.25 
and 0.45, shown in Equation 1. 
.  ≤
%.
%.	

≤ .     (1) 
Where possible, stockpiles of granular material should be managed by covering whilst not 
in use to prevent leaching of fine particles from the aggregate which will wash these critical 
fines and sands from the larger particle sizes creating a boney mix, leading to performance 
reduction & premature ravelling when used as an unsealed wearing course.  
2.7 Location and availability of materials 
One of the greatest challenges to be overcome in the pursuit of improving pavements is in 
finding a reliable source of material. This challenge is always great for road practitioners, 
LGA’s and SRA’s in Western Queensland and in the Southern Downs regions of 
Queensland which have no significant mountainous regions from which hard rock can be 
obtained, but not only this, there are vast expanses of this region which possess cracking 
clays. Oftentimes, local knowledge is key to locating and winning a reliable source of 
aggregate from which to construct road base. To this end, TMR published the technical 
note; Western Queensland Best Practice Guidelines - Material Sources in Western 
Queensland (2000) which describes the 13 classes of available materials found within the 
study area.  
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Figure 2.12: Material classifications and probabilities of occurrence in Western Queensland. (Source 
WQ33 - Western Queensland Best Practice Guidelines TMR (2000)) 
The note pertinently states that although these areas have been mapped, the maps provided 
give only an indication of probable occurrence within an area. Thus it is of critical 
importance from a cost perspective, to correctly identify the location of winnable and 
structurally sound aggregates, through prospecting prior to finalising a projects budget. If 
these steps are not carried out with due diligence, significant cost blowout could result if 
material has to be shipped great distances to make up for the inadequacy of a locally 
sourced marginal aggregate. 
The Department of Transport and Main Roads continuously collect daily traffic volumes 
for the sealed and unsealed roads in their stewardship. This information is then mapped for 
use internally in the creation of annual maintenance programs and for planning future 
upgrade projects. For this Project however, the information will be used simply to identify 
the locations, lengths and traffic loads on unsealed roads within Western Queensland. This 
information, coupled with that provided by the geological maps found in the Western 
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Queensland Best Practice guidelines, will allow for determination, if only by inference, of 
the types of pavement materials found in these localities. 
2.8 Comparison of Construction Practices 
Giumarra (1997) detailed the successes of a West-Australian field trial conducted to 
identify practices to improve the performance of unsealed roads. These practices included 
stabilisation using the addition of clay to the pavement material coupled with small 
modifications to the then current construction practices. Natural pavement gravel was 
stabilised via the addition of up to 20% clay material, and the cross section of the unsealed 
road was increased to 4 - 6% with a 1 metre crown rounding, this is in line with the 
specifications provided in the ARRB (2009) Unsealed roads manual.  
The results of the field trial were very positive, the most significant of them being; 
1. Maintenance Grading was reduced from 40 – 50 times per year to 2. 
2. Dusting was reduced, however dust produced became finer. 
3. Permeability was markedly decreased, and dry out times were reduced greatly. 
4. Surface traction was improved during wet weather – greatly improving safety for 
motorists during wet weather. 
5. The finished surface was quite hard, tightly bound and thus would only be 
conducive to maintenance grading over winter months in the study area when more 
precipitation could be expected. 
Austroads (2009) Guide to Pavement Technology Part 8: Pavement Construction and the 
ARRB(2009)  Unsealed roads manual-guidelines to good practice both provide detailed 
advice of the methods, processes, and machinery and current practices used in the 
construction, management and maintenance of road pavements and unsealed pavements in 
the case of the latter. The practices detailed in these guides and other Pavement Technology 
guides are compiled from information gathered from participating road authorities, 
nationwide. With this in mind, the construction practices presented therein could be 
considered as current practice by those member organisations who are participative in its 
creation that is, the Department of Transport and Main Roads and the Australian Local 
Government Association which comprises the LGA’s or ‘Shires’ around Queensland and 
in a wider sense, Australia.1  2However, it would be a gross oversight to assume that 
                                                     
1
 As a sidenote, many LGA’s look to SRA’s for advice on construction practices and specifications. 
Many smaller LGA’s do not have developed road construction and/or engineering specifications 
from which to devise pavement design and construction practices from. This increases their reliance 
upon SRA’s for advice. 
2
 Where smaller, and larger regional LGA’s for that matter do not have a propensity to rely upon 
SRA’s for technical advice and specification, local knowledge is utilised which can lead to improper 
pavement construction and design practices. 
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membership and participation in these guilds would equate to LGA’s employing improved 
practices and techniques extolled within the aforementioned technical guides pertaining to 
advisable unsealed road construction practices. 
LGA’s Australia wide have access to the resources and knowledge sharing afforded to them 
by membership into the Institution of Public Works Engineers Australia – IPWEA. This 
organisation, with chapters in each state which are then subdivided into regional branches, 
have published many design specifications for road construction and rehabilitation, as well 
as standard drawings and cross sections which can be used by LGA designers, engineers 
and road practitioners in the management of their unsealed road networks.  
Grading Operations  
Grading operations for unsealed roads fall into five (5) categories: 
1. Light Grading or Patrol Grading, which is carried out to restore the running 
surface of the pavement. The grader operator achieves this by rolling the blade 
forward so as to ‘drag’ it over the surface. This dragging action effectively pulls 
loose or proud-standing materials into the troughs of corrugations and potholes 
thus smoothing the running surface. This practice is ideally suited to moisture 
conditions after light rain which minimises dusting yet improves the workability 
and compatibility of the pavement gravels. 
2. Medium grading is initiated when the road has lost its shape and desired crossfall. 
It is achieved by six grading passes to restore the shape of table drains and 
depositing this windrowed material onto the centre of the road which forms the 
new crown. If the roadway is narrower with less well defined table drains – a lesser 
number of passes may be required. 
3. Heavy grading involves scarifying the pavement to the depth of the deepest 
pothole using a toothed grading blade or a ripping attachment fitted behind the 
grader. If resheeting is to be conducted, the machine operator ensures that the 
formation of the road is complete and lightly scarified before the addition of 
subsequent material which is then rolled and trimmed to the specified lateral 
crossfall accordingly. Heavy grading can also be considered as a gravel production 
method whereby the insitu material is ripped up with the aim of bringing the larger 
materials to the surface which can then be broken down by vibratory or tamping 
roller.  
Aggregate production  
Raw material won from licensed local gravel pits, in the case of the majority of MRC 
sources, can be dominated by a nominal particle size which can often be over or under the 
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desired sizing for the particular road construction purpose. To obtain desired grading, 
crushing activities must be undertaken at the quarry or borrow pit using either a jaw, conical, 
or impact crusher. Screening of the crushed aggregate is conducted for quality control 
purposes, typical screen sizes lie between 37.5mm and 19.0mm. This is then followed by 
thorough mixing of the aggregate to minimise particle segregation which ensures 
consistency. Figure 10 below is a photograph of a mobile jaw crusher, taken at the 
Gubberamunda hard rock quarry north of Roma. 
 
Figure 2.13: Mobile Conical Crusher (Source: Smith 2016) 
For the situation where granular stabilisation is to be undertaken, blending of the secondary 
or tertiary materials must follow the crushing activities. It is at this stage where water is 
added to the blended pavement mix to target the optimum moisture content. 
Mobile Rock Busting 
This is the process of insitu aggregate crushing performed by drawing a mobile rock busting 
attachment over the previously ripped (see heavy grading) pavement or oversize material. 
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Figure 2.14: Rock busting equipment in use to crush oversize particles. (Source: http://www.broons.com) 
This process is in vogue with numerous LGA’s due to the low cost of operation and the 
ability to reuse material within the existing pavement. This is sustainability in practice, 
reducing the need to win materials from borrow pits which is seen as an environmentally 
and fiscally unsustainable practice. 
Insitu Blending 
Blending of two or more source aggregates can be achieved by mixing using a Grader in 
the hands of an experienced operator. It is however and inefficient method of mixing where 
a specified mixing ratio and OMC is to be targeted.  
Towed soil stabilisers are in use within Australia, predominantly with LGA’s looking to 
improve the strength of existing in-situ materials or for blending. The reason for the 
apparent low popularity could be due to a number of factors; lack of education through 
poor knowledge transfer or the notion that these machines do not produce a quality 
controlled pavement blend like some of the more expensive in-situ blending machines on 
the market. 
Pugmill Blending  
Plant mixing of pavement aggregates using a Pugmill is the most advanced method by 
which to achieve the desired mixing proportions for a blended aggregate. The most 
common type of pugmill in use in Australia currently is the mobile plant type depicted in 
Figure 2.14 below. 
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Figure 2.15: Typical pugmill showing 3 different materials to be incorporated. (Source: 
https://www.dnrm.qld.gov.au) 
The blending of pavement gravels by pugmill allows for the addition of optimum water 
content as close as to that determined by soil testing results. Pug milling on or near site can 
reduce time of construction considerably however establishment cost of pug milling can be 
prohibitive especially if considering plant mobilisation from larger South-Eastern 
Queensland centres such as Toowoomba or Brisbane, to remote western centres such as 
Cunnamulla or Quilpie for example. 
Innovative paving machines 
Queensland Department of Transport and Main Roads have trialled with great success the 
hybrid elevator/pugmill/paver machine which combines a conventional paving machine 
with that of a material elevator and a machine mounted pugmill which can efficiently place 
blended materials at correct moisture content in readiness for compaction by vibrating 
roller. (Creedy 1989). 
Generally, and based upon professional experience and observation, LGA’s have a 
propensity to place a granular overlay of between 100 to 150mm of compliant3  base 
material. This traditional process is often completed using inferior materials selected based 
upon ‘local knowledge’, which raises a valid point – technological knowledge and expertise 
transfer in while in many situations the experience of local road practitioners is invaluable, 
                                                     
3
 Compliant material refers to MRTS05 compliance, situations exist where LGA’s use MRTS05 
Type 2 materials for unsealed wearing courses. These wearing courses are low in desirable fines and 
corrugate and ravel quickly under traffic. 
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there are many situations where the poor selection of base material has resulted in the 
premature wearing and failure of the unsealed pavement.  
2.9 Sustainability 
IPWEA are very much focussed on improving the sustainability of municipal infrastructure. 
This is evidenced by Lees (2014), in his presentation ‘Sustainability in Public Works’. Five 
(5) key sustainability approaches and an equal number of sustainability actions were 
distilled from approximately 40 offered; of the actions and approaches, the following have 
been determined to be the most pertinent to the improvement of sustainability in unsealed 
pavement: 
1. Justify sustainability benefits in public works projects on economic grounds using 
‘whole of life’ costing, this would include applying further economic rigour to 
proposed rehabilitation projects using the Present Worth of Costs method (PWOC) 
or the Net Present Worth (NPW) method.4 
2. Design public works with built-in resilience to cope with increasing risks and 
challenges of climate change and extreme natural events. The importance of 
maintaining transport linkages during the abovementioned events is critical to 
allow people access to basic necessities & health services. 
3. Adopt a corporate Sustainability policy and assign the accountability of this policy 
to the highest ranking officer of the organisation, and reflect that accountability in 
their Key Performance Indicators.  
4. Start with small projects which can build up a knowledge base. Try new 
approaches which suit local circumstances.  
5. Market sustainability initiatives using sustainability success stories from other 
organisations and by framing the objectives in positive and readily understood 
terms such as improving transport connections, reducing environmental footprint 
or saving ever diminishing finances. 
By affording LGA’s a certain luxury of being able to achieve more lineal upgrades for each 
dollar spent, the benefits of employing better practices to manage unsealed road networks 
can become quite evident. 
In line with one of their five (5) core visions, Ideas into action, TMR continually reviews 
their internal standards and specifications to ensure that the organisation is trending 
towards utilising better practices. The organisation emphasises the importance of 
                                                     
4
 The PWOC method is an economic tool used to assess the expected cost of maintenance to the 
design year of the project. For unsealed pavements, the initial cost of construction can be moderate 
while the yearly maintenance costs compounded yearly up until the design year, can be high. 
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innovation and encourages its employees to improve the performance of the Department 
through innovating its practices in order to improve energy efficiency, reduce its carbon 
footprint and reliance upon raw materials. 
Maranoa Regional Council however, is in a formative phase post amalgamation (AM 
Hoffman 2016, pers. comm., 6 June 2016), and as an organisation – not wholly receptive 
to the practice of pavement rehabilitation via aggregate blending as opposed to regular and 
inefficient patrol/maintenance grading which is the cheaper solution short term. 
2.9 Economic Justification 
Although the focus of this project is identifying best-practice for unsealed pavement 
rehabilitation it is pertinent to address, if only briefly, the importance of applying economic 
rigour to a potential pavement upgrade. 
From an asset management point of view, fiscal responsibility and accountability is of great 
importance to the constituents of LGA’s and SRA’s, communities want to know where 
their money is being spent and on what. This puts pressure on road asset managers to 
deliver a quality, fit for purpose road network which displays value for money. 
The consideration of potential upgrades to an unsealed road pavement from natural granular 
to a stabilised granular pavement can be aligned with many of the economic principles as 
applied to the consideration of upgrading an unsealed road to a sealed one. In simple terms, 
the cost of rehabilitating the pavement with stabilisation needs to be weighed up against 
the perennial costs of maintenance to the design year – nominally 20 years. 
ARRB (2009) outline a four step approach to analysing the economics of undertaking a 
road upgrade project with consideration given to the costs to the asset manager, as well as 
the benefits afforded to the road user: 
• Establishing the objectives; understanding what is to be achieved – for many 
unsealed roads this can mean maintaining a level of service during wet weather or 
to provide greater resilience to deterioration by heavy vehicle traffic. 
• Define all possible alternatives; identify any and all options which will achieve 
the objectives - for unsealed roads this often means providing a sealed surface. 
• Evaluate alternatives; this part of the process requires in-depth estimation and 
critical analysis of the following; 
o Travel time savings estimation, crash reduction, and reduction in vehicular 
operating costs arising from any upgrade. 
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o Determine the increase in maintenance costs associated with the upgrade, 
any reduction in maintenance cost is a positive benefit while an increase is 
a cost as per principles employed in a Benefit-Cost-Analysis. 
o Costs and benefits are summed for each year and discounted back to obtain 
Net Present Value (NPV) using the most suitable discount rate. Costs 
associated with extended construction timeframes must be included. 
o The discounted benefits are then summed over the design period and 
compared with the discounted costs. If the benefits outweigh the costs the 
upgrade is justified. 
• Test selection for sensitivity; the sensitivity of the analysis to small changes in 
key variables such as discount rate, construction estimates or traffic predictions - 
centralisation of population to south-east Queensland and larger metropolitan 
centres is a major cause of decreasing traffic volumes on many of the unsealed 
roads in both the MRC and SW networks.  
Taking this into consideration, it can be shown with assistance from work by Giumarra 
(1997) the cost savings which may be achieved by blending and cross fall modification, as 
opposed to maintenance grading alone. 
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Chapter 3 - Project Methodology 
3.1 Outline 
In the pursuit of achieving the aims and objectives of the project, the following tasks are to 
be completed: 
• Gathering Background Information 
• Obtaining Material Data 
• Data Analysis and Modelling 
• Material Blending 
• Tabulate Results and Stipulate ‘best practice’ implementation 
3.1.1 Gathering Background Information 
The scope of this project and the vastness of the geographical area on which the project is 
based necessitated the collection of data from not only Maranoa Regional Council but 
material sources from the entire TMR Downs South-West Region.  
As most unsealed pavements are constructed from locally available and often, poorer 
quality marginal materials, the study required consultation with local practitioners, quarry 
managers, engineers and construction technicians to establish the processes employed in 
the construction and maintenance of unsealed roads. This ‘local knowledge’ in concert with 
that from the available literature will allow for the determination of the most suitable 
application of current ‘best practices’ for unsealed pavements to achieve improvements in 
pavement wearing resilience.  
Consequently, this section delivers the information pertaining to industry specific 
pavement material testing and analysis and the techniques and specifications utilised in its 
analysis. 
3.1.2 Obtaining Material Data  
The compilation of material data was achieved with cooperation from the TMR Materials 
Laboratory in Roma and MRC Quarry Pits Compliance. The TMR laboratory is one of 
three NATA certified soil laboratories in the township of Roma, the other two belonging 
to South Queensland Soils Pty Ltd (SQS) and SGS Australia Pty Ltd with all three servicing 
the entire SW region. This (TMR) laboratory also handles a fair proportion of MRC’s soil 
and aggregate testing requirements when SQS and SGS have staff working on projects for 
other customers (AM Hoffman 2016, pers. comm., 6 June 2016). 
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The tests performed on each sample are to adhere to Main Roads Technical Standard 05 
(MRTS05) and its associated documents with the tests performed under this standard 
including: 
• Particle Size Distribution test (Q104) 
• Atterberg Limit test, which includes: 
- Liquid Limit (Q104) 
- Plasticity Index (Q105) 
- Plasticity Limit (Q105) 
- Linear Shrinkage (Q106) 
• California Bearing Ratio test (Q113) 
In addition to the supplied material testing reports, MRC kindly supplied a location file 
in .kmz* format which was uploaded to QLD Globe, a mapping package used by TMR 
which utilises Google Earth and allows a pinpoint to be placed on a map when precise 
coordinates are provided. This procedure will be completed for the TMR supplied data – 
using a different colour pinpoint to differentiate between the two sets of supplied data. 
Using this system, the proximity of material sources to unsealed roads with the potential 
for upgrade can be illustrated and transport costs estimated and incorporated into modelling 
in future. 
3.1.3 Data Analysis and Modelling 
Once all material tests have been collected, those of the reports supplied from MRC will 
be stripped of the following testing data:  
• Particle Size Distribution (Sieve Analysis) 
• Atterberg Limits 
• Fines Ratio5  -. 
• Soaked and Unsoaked CBR(if both provided) 
• Maximum Dry Density 
• Optimum Moisture Content  
The raw data is to be inputted into the Grading model, which will allow for comparison of 
particle size distribution versus TMR, ARRB, AUSTROADS, and South African Road 
Authority specified PSD limits. The TMR supplied data contains the same data types as 
                                                     
5
 A unitless measure of the percentage of fines passing 0.425mm sieve against percentage of fines 
passing the 0.075mm sieve. 
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that of the MRC reports albeit in a more simplistic form minus graphs depicting OMC 
versus CBR for example. 
Once this task is completed the reports will be scanned and filed for inclusion in the 
Appendix where required. The determinant for a material reports’ inclusion into the 
appendix will be if the material is selected for use as a blending material. 
For the TMR supplied data, each sampled site contains up to 10 sets of testing data collected 
as far back as 1984, the MRC data has been collected more recently with no sample older 
than 2012. In order to reduce the sheer volume of data – sample selection techniques will 
be employed to decide upon the most suitable ranges of values to utilise in the Grading 
Model. 
Due to insufficient data inclusion in some of the test sites provided by TMR, those of the 
reports lacking information such as OMC, MDD, CBR or any of the Gravel Performance 
Indication input data as specified by Paige & Green (2007), will be excluded from the 
Grading Model, this will satisfactorily reduce the number of data ranges while still 
allowing a large selection of test data to analyse in the modelling process. 
For the excluded samples which display satisfactory plastic/fines properties, these will be 
included as a last resort to improve the performance of blends which require this 
modification. 
3.1.4 Material Blending Model 
Determining ideal aggregate blending proportions for unsealed roads within MRC and SW 
will be achieved by the use of the abovementioned Grading spreadsheet developed with 
Microsoft Excel (2013). As this project takes into consideration material sources under 
both Local and State Government control, potential pavement blends will be developed 
from materials found in each of these regions thus increasing the choice of material 
available for analysis. In practice, TMR often sources road base, sealing aggregates, and 
select fill materials from the MRC operated Gubberamunda Tertiary Basalt Quarry situated 
north of Roma (AM Hoffman 2016, pers. comm., 6 June 2016). 
Aligning with the virtues of best practice, economic justification for blending two materials 
needs to be carried out to ensure cost-effectiveness for the chosen project. Put simply, it 
would not be a viable option to transport one or more materials to a site some 100 
kilometres away for the purpose of blending, unless significant quantities were to be 
transported. Optimised blends from nearby material sources need only be established for 
consideration. The following distance chart illustrates the greatest distances between 
separate material sources (pits). 
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Using the material proportion blending calculation guides as stipulated in Austroads’ 
Unsealed Pavements guide AGPT06-09 (2009), blending of two or more materials can be 
achieved. The resulting blends are then scrutinised with the same level of rigour as applied 
to the original material sources, including PSD against MRTS05 criteria and consequently 
the fines component shall be assessed for suitability against the desirable characteristics set 
out by Paige & Green (1998), Austroads (2009) and TMR respectively. The Figure (9) 
below shows a screenshot of the simplest method of blending two or more materials’ PSD 
curves. This method shall be used to iterate towards a blended material with desired, and 
guideline specified, PSD, strength and fines properties. 
 
Figure 3.1: Screenshot of a basic blending calculation and resulting PSD Graph (Smith, 2011) 
The below figure shows the Gravel performance indication interface which has been 
developed with reference to Austroads (2009) which has been adapted from the works of 
Paige & Green (2007). 
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Figure 3.2: Gravel performance indicator which indicates the general classification of soils (Smith 2016) 
The practical implementation of these pavement blends is not included in the scope of the 
project however the contributors of data towards this project, namely TMR have shown 
interest in this more ‘scientific’ approach to unsealed pavement rehabilitation so it is likely 
that this process may be employed in future on the SW unsealed road network. Likewise, 
MRC have showed keen interest in this process as their proportion of unsealed roads as a 
percentage of their entire network is high.  
3.1.5 Tabulate Results and stipulate ‘best practice’ implementation 
The process of collating material testing data and its subsequent analysis will produce two 
groups of results: 
1. Particle Size Distribution curves and Gravel Performance Indication for each 
material source, pit by pit analysis. 
2. Prospective gravel blend analysis  
The selection of useable data from which to complete point 1 has been detailed in Section 
3.1.3, once this data is selected and then analysed – this set of results will represent the 
physical properties of the inborn materials, rigorously analysed against the parameters 
detailed in the previous section. The results will be accompanied by a brief description of 
the site, the predicted material to be encountered at this site with reference to WQ33, an 
aerial image from QLD Globe, as well as commentary on the material testing results, and 
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potential uses and locations where it may be expected to be used given its location to other 
material supplies. 
The second group of results will present the most suitable blends which are geographically 
significant, that is, blended from material sources within 100 to 150 kilometres of one and 
other, it would be erroneous practice to assess material sources from far ends of the road 
network due to cost constraints. Accompanied to the blending PSD graphs will be blending 
proportions, a brief explanation as to why this combination of materials was carried out, 
and in some instances - potential uses for the mix. 
The anticipated outcome of the results sections is twofold; the identification of potential 
avenues to use marginal pavement materials in unsealed road maintenance and 
rehabilitation in the quest for improving material sustainability on our road networks, and 
to highlight the occasional misjudgement by practitioners in using some of the regions 
gravel pits as standalone gravel sources. A corollary to this is that the inverse of this is also 
an under sight by SRA’s and LGA’s all too happy to specify MRTS05 Type 2 & 3 materials 
for unsealed pavements. 
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Chapter 4 – Data Analysis 
4.1 General 
4.1.1 Data Entry 
The material testing data sourced from TMR Material Laboratory was not provided in 
standard NATA testing report format and so required manual entry into the blending 
spreadsheet. 
The testing reports provided to MRC by SGS Pty Ltd & SQS Pty Ltd give results for CBR 
at 2.5mm & 5.0mm penetration respectively in accordance with MRTS05 and Q113A. For 
the purposes of obtaining a singular value for CBR in material analysis, the larger value of 
soaked CBR obtained from either of these two tests shall be taken in accordance with 
reporting requirements stipulated in Q113A. It shall be noted however that it is possible for 
weaker materials such as White Rock, to crush at 5.0mm penetration, which is consistent 
with findings made by Rallings (2014). 
4.1.2 Sample collection 
As mentioned, soil samples were taken from within the South West District and the 
Maranoa Regional Council area. The material tests were conducted by TMR internally or 
by various other privately operated and accredited soil laboratories. It is assumed that the 
samples taken and subsequently analysed were considered, at the time of sampling, to be 
indicative of the site generally. 
4.1.3 Sample Testing 
The results obtained from the testing process were scrutinised against material 
specifications outlined in MRTS05, Austroads (2009) ‘Guide to Pavement Technology’ 
(Part 6), and Paige-Green (1997) ‘Material Selection and quality assurance: for labour-
based unsealed road projects’.  
4.1.4 Determination of Performance characteristics 
To determine the suitability of a material for use, the following performance indicators are 
firstly determined then compared to desirable limits as listed in the literature: 
• Particle Size Distribution: by comparing the samples PSD to that of an MRTS05 
or Austroads (2009) PSD envelope an inference on the strength of the pavement 
can be made. 
• Atterberg limits: the key Atterberg limits to check against the literature include; 
Plasticity Index, Weighted Plasticity Index, and Linear Shrinkage. The Liquid 
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Limit is not as critical for unsealed wearing courses as for a sealed base or sub-
base course. 
• Gravel performance Indicator: this is considered a benchmark for performance 
determination of the material as it considers the grading against the samples 
susceptibility to shrinkage caused by its clay content passing the 0.425mm sieve.  
• Fines to sand ratio: used as a guide to assess the permeability of the material and 
its tendency to leach out valuable fines. (see Section 2.6). 
• Fines ratio: used to give the practitioner a feel for the materials propensity to 
‘dusting’, limits for this are given as 0.8 by Austroads (2009) & 0.65 by TMR in 
WQ35 (2000). 
4.2 Maranoa Region Pit Results 
4.2.1 Busiko’s Pit 
Busiko’s Pit is located approximately 60 kilometres west of the town of Mitchell, on the 
northern side of the Warrego Highway. It is located on private property to which Maranoa 
Regional Council has access to and pays royalties to the owner for the extraction of the 
gravel. 
 
Figure 4.1: Busiko's Pit (Source: QLD Globe 2016) 
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Sample Description 
Material from this pit is expected to display properties belonging to White Rock as 
predicted in WQ33 (2000). The sampled material was able to be graded by sieving and so 
is included in the PSD analysis and is thus compatible to be included in any potential 
material blends, to be covered in Section 5. The material has a uniform grading, sitting 
within an MRTS05 Type 3 – Grading D, but slightly oversize in the gravel zone (>4.75mm). 
PSD Evaluation 
As mentioned, the material was graded by sieve analysis in compliance with Main Roads’ 
testing specification – Q103A. The sample was scrutinised against the requirements for an 
unsealed wearing course which showed that the material is oversized above the sand limit 
(>2.36mm). The material does fit within the broader grading envelope for an MRTS05 
Type 3 - Grading D. 
The reason for the oversize dominance and poor size distribution in this sample could be 
due to the natural state of the collected sample. This material was more than likely won by 
ripping with a bulldozer or heavy grader. 
However, for the purpose of evaluating the material for its blending capabilities, the PSD 
result has been taken to be representative, in order to assess its blending potential. With 
this assumption noted, the remedy to the given distribution is to introduce a secondary 
material to balance the proportion of material sizes up to the 19.0mm sieve. The following 
figures show the grading of this sample with respect to standard gradings given in MRTS05 
& Austroads (2009). 
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Figure 4.2: Busiko's pit sample within MRTS05 Type 3 Grading D envelope 
 
Figure 4.3: Busiko's pit sample within Austroads unsealed envelope 
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Atterberg Limits 
The provided Atterberg limits show that the material would be in principle suitable as either 
an MRTS05 Type 3.3, 3.4 or 3.5 base course. if it complied with the WPI upper limit of 
360. Conversely, Austroads (2009) stipulates using either the WPI or Plasticity Index as a 
guide for the use of materials, in this location, if the average annual rainfall is less than the 
prescribed 500 mm per year and the material is not used in a part of the region with higher 
rainfall it is theoretically suitable for use as a wearing course. 
Table 4.1: Busiko’s Pit Atterberg limits. (Source: Smith 2016.) 
Atterberg Limits WPI 
PIx%0.425 LL 
(%) 
PL 
(%) 
PI(%) LS(%) 
34.4 17.8 16.6 8.2 547.8 
 
Gravel Performance Indication 
The most appropriate indication of this materials suitability as an unsealed wearing course 
is given by the GPI, as set out in Paige-Green(1997) & Austroads (2009). This sample 
displays highly desirable performance characteristics for use as a standalone material using 
this metric. It is however, prone to dust – which is a tell-tale sign of highly plastic materials. 
 
Figure 4.4: Busiko's Gravel Performance Indicator. (Source: Smith 2016) 
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CBR  
This sample has a low CBR of 11, with the lower bound for an unsealed material considered 
to be 15. It would be unwise on the part of the practitioner to use this material without first 
conducting a durability test on the sample (see Section 2.6). 
Material Suitability 
Although the material displays desirable GPI it is highly plastic to be considered for use as 
a single source unsealed wearing course material and should be used as a fines source for 
blending activities. 
 
4.2.2 Lussvale Pit 
Lussvale Pit is located approximately 128 kilometres’ south-west of Roma, and 
approximately 80 kilometres south of Mitchell - adjacent to Abberglassie-Bargunyah road. 
It is located on private property to which Maranoa Regional Council has access to and pays 
royalties to the owner for the extraction of the gravel. 
 
Figure 4.5: Lussvale Pit. (Source: QLD Globe 2016) 
Sample Description 
The material testing report (see appendix F) indicates that this material fits into the sandy 
gravel class, to which many degraded sandstones in this area are grouped. The sample was 
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collected by MRC staff and supplied to SQS Pty Ltd for testing in accordance with MRTS 
requirements inclusive of the tests explained in the preceding section (3.1.2).  
Material from this pit is expected to display properties belonging to both ‘Winton sandstone’ 
& White Rock as predicted in WQ33 (2000). The sampled material was able to be graded 
by sieving and so is included in the PSD analysis and is thus suitable for inclusion in any 
potential material blends, to be covered in Section 5. The material has an armchair grading 
curve. 
 
PSD Evaluation 
As can be seen in the below figures, this material is deficient in the sizes above the 2.36mm 
sieve – indicative of a fine gravel. As mentioned, the material was graded by sieve analysis 
in compliance with Main Roads’ testing specification – Q103A. The sample was 
scrutinised against the requirements for an unsealed wearing course which showed that the 
material is oversized above the sand limit (>2.36mm). The material does fit within the 
broader grading envelope for an MRTS05 Type 3 - Grading D. 
The reason for the undersize dominance and poor size distribution in this sample could be 
due to the natural state of the collected sample. This material was more than likely won by 
ripping with a bulldozer or heavy grader, sandstones are prone to clods breaking down due 
to overworking the material during collection. 
However, for the purpose of evaluating the material for its blending capabilities, the PSD 
result has been taken to be representative, in order to assess its blending potential. With 
this assumption noted, the remedy to the given distribution is to introduce a secondary 
material to balance the proportion of material sizes between the 2.36mm and 19.0mm sieve. 
The following figures show the grading of this sample with respect to standard gradings 
given in MRTS05 & Austroads (2009) 
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Figure 4.6: Lussvale sample against MRTS05 envelope. (Source: Smith 2016) 
 
Figure 4.7: Lussvale sample against ARRB envelope. (Source: Smith 2016) 
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Atterberg Limits 
The provided Atterberg limits show that the material would be in principle suitable as either 
an MRTS05 Type 3.3, 3.4 or 3.5 base course as it complies with WPI upper limit of 360. 
Conversely, Austroads (2009) stipulates using either the WPI or Plasticity Index as a guide 
for the use of materials, in this location, if the average annual rainfall is less than the 
prescribed 500 mm per year and the material is not used in a part of the region with higher 
rainfall it is theoretically suitable for use as a wearing course. 
Table 4.2: Lussvale Pit Atterberg limits. (Source: Smith 2016.) 
Atterberg Limits WPI 
PIx%0.425 LL 
(%) 
PL 
(%) 
PI(%) LS(%) 
27.6 14.2 13.4 7.2 321.6 
 
Gravel Performance Indication 
The most appropriate indication of this materials suitability as an unsealed wearing course 
is given by the GPI, as set out in Paige-Green (1997) & Austroads (2009). This sample 
displays highly desirable performance characteristics for use as a standalone material using 
this metric. It is however, on the lower side of the ‘good’ region which could leave it prone 
to corrugation. 
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Figure 4.8: Lussvale Pit Gravel performance indication. (Source: Smith 2016) 
CBR 
A CBR of 38 puts this material into the strength category of an MRTS05 Type 3.4, it is 
also well above the minimum strength category advised by Austroads (2009) for an 
unsealed wearing course. It shall be noted that this sample was tested for unsoaked CBR, 
with 15 considered to be the lower bound for strength. 
Material Suitability 
This material shows great promise as an unsealed wearing course, if bolstered with a 
proportion of material containing a greater proportion of material above the sand limit. The 
relatively low Linear Shrinkage value adds to its usefulness and would be a good indication 
of stability in practice.  
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4.2.3 Stony Creek Pit 
Located 25 kilometres south west of the Lussvale Pit, roughly 95 kilometres south of the 
small township of Mungallala. The pit is adjacent to the Mitchell-Bollon road providing 
easy truck access for cartage. 
 
Figure 4.9: Stony Creek Roadside Pit. (Source: QLD Globe 2016) 
Sample Description 
Material from this pit is expected to display properties belonging to both ‘Winton sandstone’ 
& White Rock as predicted in WQ33(2000). The sampled material was able to be graded 
by sieving and so is included in the PSD analysis and is thus compatible to be included in 
any potential material blends, to be covered in Section 5. The material has an armchair 
grading curve. 
PSD Evaluation 
As can be seen in the below figures, this material is deficient in the sizes above the 2.36mm 
sieve – indicative of a fine, clay-rich material. The material was graded by sieve analysis 
in compliance with Main Roads’ testing specification – Q103A. The sample was 
scrutinised against the requirements for an unsealed wearing course which showed that the 
material is undersized and displays an armchair grading typical of many Western 
Queensland soils. The material does not fit within the broader grading envelope for an 
MRTS05 Type 3 - Grading D. 
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The reason for the undersize dominance is caused by the type of natural material in this 
area, this area is predicted to feature alluviums. WQ33 (2000). 
However, for the purpose of evaluating the material for its blending capabilities, the PSD 
result has been taken to be representative, in order to assess its blending potential. With 
this assumption noted, the remedy to the given distribution is to introduce a secondary 
material to balance the proportion of material sizes between the 2.36mm and 26.5mm sieve. 
The following figures show the grading of this sample with respect to standard gradings 
given in MRTS05 & Austroads (2009) 
 
Figure 4.10: Stony Creek sample against MRTS05 envelope. (Source: Smith 2016) 
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Figure 4.11: Stony Creek sample against ARRB unsealed envelope. (Source: Smith 2016) 
Atterberg Limits 
The provided Atterberg limits show that the material is compliant with a sub type 3.2 
material for Liquid Limit but fails on all other fronts with higher than required Plastic limit 
& index and Linear shrinkage indicative of a highly plastic material – potentially applicable 
to an MRTS05 type ‘4’ material. The WPI for this sample is also well above the limit of 
500 – which would be dependent upon local average rainfall. 
Table 4.3: Stony Creek Pit Atterberg limits. (Source: Smith 2016.) 
Atterberg Limits WPI PI 
x%0.425 LL 
(%) 
PL 
(%) 
PI(%) LS(%) 
24.2 9.2 15 8.2 855 
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Gravel Performance Indication 
As expected, the performance of this clayey sample is poor – centred in the ‘Slippery’ zone. 
 
Figure 4.12: Stony Creek Gravel performance indication. (Source: Smith 2016) 
CBR 
A CBR of 24 is too low to place it in the same strength category as an MRTS05 Type 3.4 
or 3.5 material, however it is above the minimum strength category advised by Austroads 
(2009) for an unsealed wearing course. It shall be noted that this sample was not tested for 
soaked CBR, however the minimum unsoaked CBR is greater than the lower limit of 15 
and as such is considered adequate. A durability test performed upon this sample would 
give a good indication of its potential for use. 
Material Suitability 
This material has poor performance due to its highly-plastic properties. It should only be 
used as a supplement to a material deficient in plastic fines. 
  
48 
 
4.2.4 Ashling Pit 
Approximately 10 kilometres west-south-west from the Stony Creek pit, the Ashling pit 
can be accessed from Aberglassie -Tongy Rd which connects to the Mitchell-Bollon Road. 
It is located on private property to which Maranoa Regional Council has access to and pays 
royalties to the owner for the extraction of the gravel. 
 
Figure 4.13: Ashling Pit. (Source: QLD Globe 2016) 
 
Sample Description 
Material from this pit is expected to display properties belonging to both ‘Winton sandstone’ 
& White Rock as predicted in WQ33 (2000). The sampled material was able to be graded 
by sieving and so is included in the PSD analysis and is thus compatible to be included in 
any potential material blends, to be covered in Section 5. The material has an armchair 
grading curve. 
PSD Evaluation 
As can be seen in the below figures, this material displays the PSD of an open graded 
material. The material was graded by sieve analysis in compliance with Main Roads’ 
testing specification – Q103A. The sample was scrutinised against the requirements for an 
unsealed wearing course which showed that the material is generally oversized and displays 
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an open grading typical of many Western Queensland soils. The material does not fit within 
the broader grading envelope for an MRTS05 Type 3 - Grading D. 
However, for the purpose of evaluating the material for its blending capabilities, the PSD 
result has been taken to be representative, in order to assess its blending potential. With 
this assumption noted, the remedy to the given distribution is to introduce a secondary 
material to balance the proportion of material sizes between the 0.075mm and 26.5mm 
sieve. The following figures show the grading of this sample with respect to standard 
grading given in MRTS05 & Austroads (2009) 
 
Figure 4.14: Ashling sample against MRTS05 envelope. (Source: Smith 2016) 
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Figure 4.15: Ashling sample against ARRB unsealed envelope. (Source: Smith 2016) 
Atterberg Limits 
The material is almost devoid of fines, exhibiting lower than suggested values for sieve 
openings below the 9.5mm sieve. This lack of fines is evidenced by the poor GPI shown in 
the following section. 
Table 4.4: Ashling Pit Atterberg limits. (Source: Smith 2016.) 
Atterberg Limits WPI PI 
x%0.425 LL 
(%) 
PL 
(%) 
PI(%) LS(%) 
29.6 18.2 11.4 5.2 136.8 
 
Gravel Performance Indication 
A coarsely graded material such as this sample, is expected to have low performance when 
under traffic. This is evidenced by the poor gravel performance – an indication of the 
extremely low proportion of binding fines in the sample.  
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Figure 4.16: Ashling pit Gravel performance indication. (Source: Smith 2016) 
 
CBR 
This sample has an unsoaked CBR of 60, putting it into either MRTS05 Type 3.4 or 3.5 
material categories. 
Material Suitability 
This material has sufficient strength in the fines component but has poor structural strength 
caused by its lack of fine to mid-grading. This gravel would perform satisfactorily if 
grading in the deficient range was introduced to bring the sample up to the lower PSD line 
on the ARRB Unsealed PSD graph. The performance of this sample when compared to the 
geographically near Stony Creek Pit serves to highlight the highly variable nature of the 
marginal materials encountered in western Queensland – thus reinforcing the need to 
conduct rigorous testing and analysis of these materials prior to use in the field. 
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4.2.5 Basin Downs Pit 
Located 34.5 kilometres south of Surat, the basin Downs pit is found adjacent to the 
Carnarvon highway.  
 
Figure 4.17: Basin Downs Roadside Pit. (Source: QLD Globe 2016) 
Sample Description 
The sample was collected from a stockpile at the pit. By location, and personal site visits 
this material is expected to display properties of a sandstone. 
PSD Evaluation 
As can be seen in the below figures, this material is compliant with both the type 3 & ARRB 
PSD envelopes. The material was graded by sieve analysis in compliance with Main Roads’ 
testing specification – Q103A. The sample was scrutinised against the requirements for an 
unsealed wearing course which showed that the material has a satisfactory grading curve. 
The material does not fit within the tighter grading envelope for an MRTS05 Type 3 - 
Grading C. 
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Figure 4.18: Basin Downs sample against MRTS05 envelope. (Source: Smith 2016) 
 
Figure 4.19: Basin Downs sample against ARRB unsealed envelope. (Source: Smith 2016) 
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Atterberg Limits 
The material is almost devoid of fines, exhibiting lower than suggested values for sieve 
openings below the 9.5mm sieve. This lack of fines and in particular, plastic fines, is 
evidenced by the poor GPI shown in the following section. 
Table 4.5: Basin Downs Pit Atterberg limits. (Source: Smith 2016.) 
Atterberg Limits WPI PI 
x%0.425 LL 
(%) 
PL 
(%) 
PI(%) LS(%) 
24.8 19.6 5.2 3.6 124.8 
 
Gravel Performance Indication 
Performance of this sample is reduced by the lack of plastic fines, the majority of the fines 
in the sample are silts which have minimal cohesion. 
 
Figure 4.20: Basin Downs Gravel performance indication. (Source: Smith 2016) 
CBR 
This sample has an unsoaked CBR of 70, putting it into either MRTS05 Type 3.2 material 
category. Strength under traffic will be poor due to the lack of cohesive plastic clays. 
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Material Suitability 
Although fitting neatly into the ARRB PSD graph, this sample is deficient in plastic fines 
– evidenced by the low (3.6) Linear Shrinkage value which would cause it to corrugate 
and/or ravel under traffic. Addition of material in this range would result in a suitably 
resilient pavement. 
4.2.6 Bendoba Pit 
Situated in the generally flat country to the immediate north of Roma, this pit is located on 
a small hill – with the purpose of winning material from the hill that is of better quality 
than its surrounds. 
 
Figure 4.21: Bendoba Pit. (Source: QLD Globe 2016) 
Sample Description 
The sample was collected by excavation from a test pit at the location. 
PSD Evaluation 
As can be seen in the below figures, this material is compliant with MRTS05 Type 3 
grading C envelope. The material was graded by sieve analysis in compliance with Main 
Roads’ testing specification – Q103A. The sample was scrutinised against the requirements 
set by ARRB (2009) for an unsealed wearing course which showed that the material has a 
unsatisfactory grading curve – due to the low volume of the sample passing the 9.5mm 
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sieve. The material fits within the tighter grading envelope for an MRTS05 Type 3 - 
Grading C – an indication of a coarser gravel. 
 
Figure 4.22: Bendoba pit sample against MRTS05 envelope. (Source: Smith 2016) 
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Figure 4.23: Bendoba pit sample against ARRB Unsealed envelope. (Source: Smith 2016) 
Atterberg Limits 
The material is almost devoid of fines, exhibiting lower than suggested values for sieve 
openings below the 9.5mm sieve. This lack of fines and in particular, plastic fines, is 
evidenced by the poor GPI shown in the following section. 
Table 4.6: Bendoba Pit Atterberg limits. (Source: Smith 2016.) 
Atterberg Limits WPI PI 
x%0.425 LL 
(%) 
PL 
(%) 
PI(%) LS(%) 
30 25.4 4.6 3.4 73.6 
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Gravel Performance Indication 
Performance of this sample is reduced by the lack of plastic fines, the majority of the fines 
in the sample are silts which have minimal cohesion. 
 
Figure 4.24: Bendoba Gravel performance indication. (Source: Smith 2016) 
CBR 
This sample has an unsoaked CBR of 66. Strength under traffic will be poor due to the lack 
of cohesive plastic clays. 
Material Suitability 
Although fitting into the Type 3 grading C PSD graph, this sample is deficient in plastic 
fines – evidenced by the low Linear Shrinkage value (3.4) which would cause it to corrugate 
and/or ravel under traffic. Addition of material in this range would result in a suitably 
resilient pavement. 
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4.2.7 Brennan’s Pit 
Approximately 25 kilometres west-south-west from the town of Mitchell, Brennans pit 
fronts Mitchell-Bollon Road. It is located on private property to which Maranoa Regional 
Council has access to and pays royalties to the owner for the extraction of the gravel. 
 
Figure 4.25: Brennans roadside Pit. (Source: QLD Globe 2016) 
Sample Description 
The sample was collected by excavation from a stockpile at the pit. Therefore the sample 
is assumed to be a reasonably true representation of the material in its natural state. 
PSD Evaluation 
As can be seen in the below figures, this material is compliant with MRTS05 Type 3 
grading D envelope. The material was graded by sieve analysis in compliance with Main 
Roads’ testing specification – Q103A. The sample was scrutinised against the requirements 
set by ARRB (2009) for an unsealed wearing course which showed that the material has an 
unsatisfactory grading curve – due to the low volume of the sample passing the 9.5mm 
sieve. The material fits within the tighter grading envelope for an MRTS05 Type 3 - 
Grading C – an indication of a coarser gravel. 
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Figure 4.26: Brennans pit sample against MRTS05 envelope. (Source: Smith 2016) 
 
Figure 4.27: Brennans pit sample against ARRB unsealed envelope. (Source: Smith 2016) 
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Atterberg Limits 
The material has an ample amount of fines which puts it in good stead for further analysis 
by Gravel Performance Indication. The Plasticity Index is near perfect for the amount of 
rainfall experienced at this location, with a useable level of linear shrinkage. A further 
calculation, as provided in the Grading spreadsheet indicates that the fines to sand ratio is 
optimally located within the desirable 0.25 to 0.8 range which highlights that this sample 
has ideal permeability. 
Table 4.7: Brennan’s Pit Atterberg limits. (Source: Smith 2016.) 
Atterberg Limits WPI PI 
x%0.425 LL 
(%) 
PL 
(%) 
PI(%) LS(%) 
29.4 15.8 13.6 8.6 408 
 
CBR 
This sample has an unsoaked CBR of 36. Strength under traffic would be sufficient. 
Gravel Performance Indication 
Performance of this sample is good if not slightly dusty. This sample could be improved 
slightly by the addition of material in the 2.36mm to 9.5mm range to improve the grading. 
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Figure 4.28: Brennans Gravel performance indication. (Source: Smith 2016) 
Material Suitability 
This sample displays excellent properties for use as an unsealed wearing course. It is 
geographically isolated to some degree limiting its use as an ameliorant for other poorer 
materials. 
4.2.8 Wells’ Pit 
Located approximately 45 kilometres east of Roma, and some 3 kilometres from the TMR 
– Featherbed Pit. This White Rock pit is well used by MRC given its proximity to Roma. 
 
Figure 4.29: Wells’ white rock Pit. (Source: QLD Globe 2016) 
Sample Description 
The sample was collected by excavation from a stockpile at the pit. As can be seen from 
the above aerial image, the site is a white rock pit. It is expected to display properties and 
performance similar to other white rock pits in the SW region. 
PSD Evaluation 
As can be seen in the below figures, this material is non-compliant with MRTS05 Type 3 
grading D envelope. It is however, compliant with the ‘E’ grading envelope. The material 
was graded by sieve analysis in compliance with Main Roads’ testing specification – 
Q103A. The sample was scrutinised against the requirements set by ARRB (2009) for an 
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unsealed wearing course which showed that the material has an unsatisfactory grading 
curve – due to the low volume of the sample passing the 9.5mm sieve. This material has an 
exaggerated armchair grading curve highlighting a number of particle size deficiencies. 
 
Figure 4.30: Wells’ pit sample against MRTS05 envelope. (Source: Smith 2016) 
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Figure 4.31: Wells’ pit sample against ARRB unsealed envelope. (Source: Smith 2016) 
Atterberg Limits 
The material has low fines for the ‘D’ grading envelope but the fines component available 
displays desirable qualities for use as a blending additive. 
Table 4.8: Wells’ Pit Atterberg limits. (Source: Smith 2016.) 
Atterberg Limits WPI PI 
x%0.425 LL 
(%) 
PL 
(%) 
PI(%) LS(%) 
37.2 21.2 16 8.2 148.8 
 
CBR 
This sample has an unsoaked CBR of 82. This indicates a strong sample with adequate 
strength. 
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Gravel Performance Indication 
Performance of this sample is good if not slightly dusty. This sample could be improved 
markedly by the addition of material in the 0.075mm to 26.5mm range.  
 
Figure 4.32: Wells’ Gravel performance indication. (Source: Smith 2016) 
Material Suitability 
This sample displays excellent properties for use as an additive to a sample with a more 
desirable grading curve. For a white rock sample, the fines component is of better plastic 
quality than others. 
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4.2.9 Balgownie Pit 
Located 38 kilometres south of Roma is the Balgownie white rock pit, the pit is on private 
property which MRC is permitted to access for extractive purposes while paying royalties 
the property owner. This pit is adjacent to the TMR utilised Hollyrood white rock pit and 
the two pits are expected to display similar properties. 
 
Figure 4.33: Balgownie white rock Pit. (Source: QLD Globe 2016) 
Sample Description 
The sample was collected by excavation from a stockpile at the pit. As can be seen from 
the above aerial image, the site is a white rock pit. It is expected to display properties and 
performance similar to other white rock pits in the SW region.  
PSD Evaluation 
As can be seen in the below figures, this material is non-compliant with MRTS05 Type 3 
grading D envelope. It is however, compliant with the ‘E’ grading envelope. The material 
was graded by sieve analysis in compliance with Main Roads’ testing specification – 
Q103A. The sample was scrutinised against the requirements set by ARRB (2009) for an 
unsealed wearing course which showed that the material has an unsatisfactory grading 
curve – due to the low volume of the sample passing the 9.5mm sieve and also the low 
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amount of larger grading above that particular sieve. Gradings between the 9.5mm sieve 
and 2.36mm are compliant but not ideal.  
 
 
Figure 4.34: Balgownie pit sample against MRTS05 envelope. (Source: Smith 2016) 
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Figure 4.35: Balgownie pit sample against ARRB unsealed envelope. (Source: Smith 2016) 
Atterberg Limits 
The material has low fines for the ‘D’ grading envelope but the fines component available 
displays desirable qualities for use as a blending additive given the calculated value of WPI 
dependent upon yearly rainfall (see Figure 2.8). Ordinarily the Plasticity Index would be 
too high for suitable use as a standalone material given the requirements for fines 
component properties of Type 3 materials, similarly given the assumed rainfall at this 
location and within the nearby region – this material would be expected to perform poorly. 
Table 4.9 Balgownie’ Pit Atterberg limits. (Source: Smith 2016.) 
Atterberg Limits WPI PI 
x%0.425 LL 
(%) 
PL 
(%) 
PI(%) LS(%) 
45.2 24 21.2 10 424 
 
CBR 
This sample has an unsoaked CBR of 23. Strength under traffic is expected to be poor given 
the above Atterberg limits. 
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Gravel Performance Indication 
Performance of this sample is good if not slightly dusty. This sample could be improved 
markedly by the addition of material in the ranges specified above. The performance of this 
material is far better than what would be expected given the above Atterberg limits. The 
figure below shows that the sample is on the ‘silty’ end of the good region which is 
confirmed by the PSD graphs. 
 
Figure 4.36: Balgownie Gravel performance indication. (Source: Smith 2016) 
Material Suitability 
This sample displays reasonable properties for use as an additive to a sample with a more 
desirable grading curve. For a white rock sample, the performance is good if not slightly 
silty and prone to dust. Remediation of this sample by addition of larger gradings and better 
performing fines is recommended where practicable. It would be irresponsible on the part 
of the practitioner to implement this sample as a standalone unsealed wearing course given 
the above information. 
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4.2.10 Byzantium Pit 
Considered locally as a ‘go-to’ material for unsealed wearing course construction, the 
Byzantium pit is located in the sandstone belt which includes the Lussvale, Stony Creek, 
and Ashling pits. The pit is 82 kilometres due south-west from Mitchell, and is accessed 
from the Mitchell-Bollon Road. 
 
Figure 4.37: Byzantium sandstone pit. (Source: QLD Globe 2016) 
Sample Description 
The sample was collected by excavation from a stockpile at the pit. As can be seen from 
the above aerial image, the pit and surrounding land display a reddish-brown which is a 
tell-tale for sandstone materials. It is expected to display properties and performance 
similar to the other sandstone pits in this area.  
PSD Evaluation 
As can be seen in the below figures, this material is mostly compliant with the MRTS05 
Type 3 grading D envelope. It is however, compliant with the ‘E’ grading envelope. The 
material was graded by sieve analysis in compliance with Main Roads’ testing specification 
– Q103A. The sample was scrutinised against the requirements set by ARRB (2009) for an 
unsealed wearing course which showed that the material has a satisfactory grading curve – 
which may be slightly improved by reduction of material passing the 9.5mm sieve. 
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Figure 4.38: Byzantium pit sample against MRTS05 envelope. (Source: Smith 2016) 
 
Figure 4.39: Byzantium pit sample against ARRB unsealed envelope. (Source: Smith 2016) 
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Atterberg Limits 
The material has a sufficient number of fines, Plasticity Index is in the ideal range (<12) 
and low linear shrinkage – indicative of most sandstones within this area. Complimentary 
to these values is an ideal WPI value well within the bounds given by ARRB (2009). The 
low linear shrinkage value may indicate a propensity to break up under traffic leading to 
ravelling as seen in the other sandstones. 
Table 4.10: Byzantium Pit Atterberg limits. (Source: Smith 2016.) 
Atterberg Limits WPI PI 
x%0.425 LL 
(%) 
PL 
(%) 
PI(%) LS(%) 
21 10.2 10.8 3.8 356.4 
 
CBR 
This sample has an unsoaked CBR of 48. Strength under traffic will be good as expected 
and observed with sandstone materials sourced from this area within the region. 
Gravel Performance Indication 
Performance of this sample is not as good as predicted by the below figure. Most sandstones 
in this region show similar modes of degradation by ravelling.  
 
Figure 4.40: Byzantium Gravel performance indication. (Source: Smith 2016) 
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Material Suitability 
This sample displays the properties and performance required to deem it suitable for use as 
a standalone material. The high CBR adds to the usefulness of this material in this regard 
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4.3 South West District Pit Results 
4.3.1 Glen Arden Roadside Pit 
Located approximately 35 kilometres from the Intersection of the Carnarvon Highway and 
Roma-Taroom Road, this borrow pit is accessed from Glen Arden road off Roma-Taroom 
road. It is located within the road reserve.  
Sample description 
TMR classifies this material as a sandstone, the pale colour when compared to the 
sandstones in the south of the Maranoa region could indicate the presence of clays. The 
tested sample was collected from a stockpile on site. 
  
Figure 4.3.1: Glen Arden roadside pit. (Source: QLD Globe 2016) 
Particle size distribution 
As can be seen in the below figures, this material is non-compliant with the MRTS05 Type 
3 grading D or the ARRB unsealed envelope. The material was graded by sieve analysis in 
compliance with Main Roads’ testing specification – Q103A. The sample displays 
‘armchair’ grading, a common trait of naturally occurring road materials derived from 
duricrusts WQ33 (2000). 
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Figure 4.3.2: Glen Arden pit sample against MRTS05 envelope. (Source: Smith 2016) 
 
Figure 4.3.3: Glen Arden pit sample against ARRB unsealed envelope. (Source: Smith 2016) 
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Atterberg Limits 
The provided sample and accompanying testing report did not provide all Atterberg Limit 
data, except for the linear shrinkage. The material has a sufficient amount of material 
passing the 0.425mm sieve, Plasticity Index was not provided.The sample displays low 
linear shrinkage – indicative of most sandstones within this area. The low linear shrinkage 
value may indicate a propensity to break up under traffic leading to ravelling as seen in the 
other sandstones. 
Table 4.3.1: Glen Arden Pit Atterberg limits. (Source: Smith 2016.) 
Atterberg Limits WPI PI 
x%0.425 LL 
(%) 
PL 
(%) 
PI(%) LS(%) 
- - - 4.8 NA 
 
CBR 
This sample has an unsoaked CBR of 16. Strength under traffic will be poor, this is 
uncommon amongst sandstones in the region. 
Gravel Performance Indication 
Performance of this sample is unexpectedly ‘good’ which is due to the amount of material 
passing the 0.425mm sieve and its’ reasonable linear shrinkage value.  
77 
 
 
Figure 4.3.4: Glen Arden Gravel performance indication. (Source: Smith 2016) 
Material Suitability 
Although displaying adequate GPI in the ‘good’ zone, this material is gap graded and as 
such would be prone to accelerated degradation if used as a standalone wearing course. 
4.3.2 Durham Road Pit 
Located approximately 44 kilometres from the Intersection of the Carnarvon Highway and 
Roma-Taroom Road, this borrow pit is accessed from Durham road off Roma-Taroom road. 
It is located on private property to which TMR has access and pays the owner a royalty for 
its use.  
Sample description 
TMR classifies this material as a sandstone, the pale colour when compared to the 
sandstones in the south of the Maranoa region could indicate the presence of clays. The 
tested sample was collected from a stockpile on site 
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Figure 4.3.5: Durham Road pit. (Source: QLD Globe 2016) 
Particle size distribution 
As can be seen in the below figures, this material displays similar PSD curve to the Glen 
Arden pit and is non-compliant with the MRTS05 Type 3 grading D or the ARRB unsealed 
envelope. The material was graded by sieve analysis in compliance with Main Roads’ 
testing specification – Q103A. The sample displays ‘armchair’ grading, a common trait of 
naturally occurring road materials derived from duricrusts WQ33 (2000). 
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Figure 4.3.6: Durham Road pit sample against MRTS05 envelope. (Source: Smith 2016) 
 
Figure 4.3.6: Durham Road pit sample against ARRB unsealed envelope. (Source: Smith 2016) 
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Atterberg Limits 
The provided sample and accompanying testing report did not provide all Atterberg Limit 
data, except for the linear shrinkage. The material has a sufficient amount of material 
passing the 0.425mm sieve, Plasticity Index was not provided. The sample displays low 
linear shrinkage – indicative of most sandstones within this area. The low linear shrinkage 
value may indicate a propensity to break up under traffic leading to ravelling as seen in the 
other sandstones. 
Table 4.3.2: Durham Road Pit Atterberg limits. (Source: Smith 2016.) 
Atterberg Limits WPI PI 
x%0.425 LL 
(%) 
PL 
(%) 
PI(%) LS(%) 
33 - 11.6 4.5 429.2 
 
CBR 
This sample has an unsoaked CBR of 26. It shall be noted that this sample was not tested 
for soaked CBR, however the minimum unsoaked CBR is greater than the lower limit of 
15 and as such is considered adequate. A durability test performed upon this sample would 
give a good indication of its potential for use. 
Gravel performance indication 
The most appropriate indication of this materials suitability as an unsealed wearing course 
is given by the GPI, as set out in Paige-Green (1997) & Austroads (2009). This sample 
displays highly desirable performance characteristics for use as a standalone material using 
this metric. It is however, on the lower-left quadrant of the ‘good’ region which could leave 
it prone to corrugation or erosion. 
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Figure 4.3.7: Durham Rd Gravel performance indication. (Source: Smith 2016) 
Material suitability  
Similar to the Glen Arden pit result, this sample would be prone to accelerated deterioration 
due to its grading deficiency. It is however of higher strength (CBR 26) which improves 
its usefulness in situ. 
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4.3.3 Eromanga Pit 
Located on the northern fringe of the small township of Eromanga, the Eromanga Roadside 
Pit is located within the road reserve and as such is classified as a borrow pit for use by 
TMR. 
Sample description 
Eromanga roadside pit is categorised as a White Rock by TMR soil technicians. This agrees 
with the material sources mapping provided in WQ33 (2000). 
 
Figure 4.3.8: Eromanga roadside pit. (Source: QLD Globe 2016) 
Particle size distribution 
As can be seen in the below figures, this material displays a PSD curve which is non-
compliant with the MRTS05 Type 3 grading D or the ARRB unsealed envelope. The 
material was graded by sieve analysis in compliance with Main Roads’ testing specification 
– Q103A. The sample displays a linear PSD curve which is deficient across the entire range 
of sieve sizes. 
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Figure 4.3.9: Eromanga roadside pit sample against MRTS05 envelope. (Source: Smith 2016)
 
Figure 4.3.10: Eromanga pit sample against ARRB unsealed envelope. (Source: Smith 2016) 
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Atterberg Limits 
The provided sample and accompanying testing report did not provide all Atterberg Limit 
data, except for the linear shrinkage. The material has an insufficient amount of material 
passing the 0.425mm sieve, Plasticity Index was not provided. The sample displays low 
linear shrinkage – indicative of most sandstones within this area. The low linear shrinkage 
value may indicate a propensity to break up under traffic leading to ravelling as seen in the 
other sandstones. 
Table 4.3.3: Eromanga Pit Atterberg limits. (Source: Smith 2016.) 
Atterberg Limits WPI PI 
x%0.425 LL 
(%) 
PL 
(%) 
PI(%) LS(%) 
- - - 3.5 - 
 
CBR 
This sample has an unsoaked CBR of 43. It shall be noted that this sample was not tested 
for soaked CBR, however the minimum unsoaked CBR is greater than the lower limit of 
15 and as such is considered adequate. A durability test performed upon this sample would 
give a good indication of its potential for use. 
Gravel performance indication 
The most appropriate indication of this materials suitability as an unsealed wearing course 
is given by the GPI, as set out in Paige-Green (1997) & Austroads (2009). This sample 
displays poor GPI and as such it would be erroneous practice to use this source as a 
standalone material. 
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Figure 4.3.11: Eromanga Pit Gravel performance indication. (Source: Smith 2016) 
Material suitability 
Given the samples’ poor gravel performance, and noting the expected performance of 
White Rock in general it is the understanding that the sample may not be representative of 
natural white rock in the area and a repeat test and analysis be conducted. This sample 
would perform very poorly in service requiring prompt resheeting to maintain a satisfactory 
wearing surface. 
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4.3.4 ‘59 km’ Pit  
Located 60 kilometres west of the town of Quilpie, the 59 km roadside borrow pit is located 
within the road corridor. Transport and Main Roads’ south-West district has access to this 
pit from the Cooper Developmental Road as shown below in Figure  4.3.12. 
Sample description 
Classified by TMR soil laboratory as a White rock, this gravel pit is expected to produce 
material with reasonable CBR (30) and adequate plasticity (PI 12) from which to achieve 
satisfactory unsealed wearing course performance. 
 
Figure 4.3.12: 59km roadside pit. (Source: QLD Globe 2016) 
Particle size distribution 
As can be seen in the below figures, this material displays a PSD curve which is non-
compliant with the MRTS05 Type 3 grading D or the ARRB unsealed envelope. The 
material was graded by sieve analysis in compliance with Main Roads’ testing specification 
– Q103A. The sample displays a linear PSD curve which is deficient across the entire range 
of sieve sizes. 
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Figure 4.3.13: 59km roadside pit sample against MRTS05 envelope. (Source: Smith 2016) 
 
Figure 4.3.14: 59km pit sample against ARRB unsealed envelope. (Source: Smith 2016) 
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Atterberg Limits 
The provided sample and accompanying testing report did not provide all Atterberg Limit 
data. The material has an insufficient amount of material passing the 0.425mm sieve, 
Plasticity Index was not provided. The sample displays low linear shrinkage – lower than 
the expected from White rock. The low linear shrinkage value may indicate a propensity to 
break up under traffic leading to ravelling. 
Table 4.3.4: 59km Pit Atterberg limits. (Source: Smith 2016.) 
Atterberg Limits WPI PI 
x%0.425 LL 
(%) 
PL 
(%) 
PI(%) LS(%) 
39 
 
10.4 6 270.4 
 
CBR 
This sample has an unsoaked CBR of 30. It shall be noted that this sample was not tested 
for soaked CBR, however the minimum unsoaked CBR is greater than the lower limit of 
15 and as such is considered adequate. A durability test performed upon this sample would 
give a good indication of its potential for use. 
Gravel performance indication 
The most appropriate indication of this materials suitability as an unsealed wearing course 
is given by the GPI, as set out in Paige-Green (1997) & Austroads (2009). This sample 
displays good GPI which tends toward Erodible zone. 
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Figure 4.3.15: 59km Pit Gravel performance indication. (Source: Smith 2016) 
Material suitability 
This sample displays some of the required properties for use as a standalone material. 
Blending with a material with a more desirable PSD curve would improve this samples 
performance. 
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4.3.5 Mungallala Reserve 
Located approximately 40 kilometres west of the town of Mitchell, this pit is located in the 
road reserve allowing ease of access by TMR.  
Sample description 
The sample was collected by excavation from a stockpile at the pit. As can be seen from 
the above aerial image, the site is a white rock pit. It is expected to display properties and 
performance similar to other white rock pits in the SW region. 
 
Figure 4.3.16: Mungalalla reserve pit. (Source: QLD Globe 2016) 
Particle size distribution 
As can be seen in the below figures, this material is non-compliant with MRTS05 Type 3 
grading D envelope. It is however, compliant with the ‘E’ grading envelope. The material 
was graded by sieve analysis in compliance with Main Roads’ testing specification – 
Q103A. The sample was scrutinised against the requirements set by ARRB (2009) for an 
unsealed wearing course which showed that the material has a satisfactory grading curve. 
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Figure 4.3.17: Mungalalla Reserve pit sample against MRTS05 envelope. (Source: Smith 2016) 
 
Figure 4.3.18: Mungalalla Reserve pit sample against ARRB unsealed envelope. (Source: Smith 2016) 
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Atterberg Limits 
The provided sample and accompanying testing report did not provide all Atterberg Limit 
data, except for the linear shrinkage. The material has an insufficient amount of material 
passing the 0.425mm sieve, Plasticity Index was not provided. The sample displays low 
linear shrinkage – lower than the expected from White rock. The low linear shrinkage value 
may indicate a propensity to break up under traffic leading to ravelling. 
Table 4.3.5: Mungalalla reserve Atterberg limits. (Source: Smith 2016.) 
Atterberg Limits WPI PI 
x%0.425 LL 
(%) 
PL 
(%) 
PI(%) LS(%) 
- - - 6 - 
 
CBR 
This sample has an unsoaked CBR of 46. It shall be noted that this sample was not tested 
for soaked CBR, however the minimum unsoaked CBR is greater than the lower limit of 
15 and as such is considered adequate. A durability test performed upon this sample would 
give a good indication of its potential for use. 
Gravel performance indication 
The most appropriate indication of this materials suitability as an unsealed wearing course 
is given by the GPI, as set out in Paige-Green (1997) & Austroads (2009). This sample 
displays good GPI which tends toward Erodible zone. 
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Figure 4.3.19: Mungalalla Reserve Gravel performance indication. (Source: Smith 2016) 
4.3.6 Victoria Downs 
Located some 9 kilometres north-west of the town of Morven, this pit is located on private 
property to which TMR has access to and pays the owner royalties for its use. 
Sample description 
Described as Ridge gravel, this class of gravel is found near to drainage lines as is the case 
here and shown in Figure 4.3.20. The sample contains a blend of silts, clays and gravels 
and are assumed to display gap-grading. 
94 
 
 
Figure 4.3.20: Victoria Downs pit. (Source: QLD Globe 2016) 
Particle size distribution  
As can be seen in the below figures, this material is non-compliant with MRTS05 Type 3 
grading D envelope. It is however, compliant with the ‘E’ grading envelope. The material 
was graded by sieve analysis in compliance with Main Roads’ testing specification – 
Q103A. The sample was scrutinised against the requirements set by ARRB (2009) for an 
unsealed wearing course which showed that the material is almost compliant – showing 
deficiency in the 4.75mm & 9.5mm sieves. 
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Figure 4.3.21: Victoria Downs pit sample against MRTS05 envelope. (Source: Smith 2016) 
 
Figure 4.3.22: Victoria Downs pit sample against ARRB unsealed envelope. (Source: Smith 2016) 
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Atterberg Limits 
The material has sufficient amount of material passing the 0.425mm sieve, Plasticity Index 
is just above the desirable level of 12. The sample displays low linear shrinkage The low 
linear shrinkage value may indicate a propensity to break up under traffic leading to 
ravelling. 
Table 4.3.6: Victoria Downs Atterberg limits. (Source: Smith 2016.) 
Atterberg Limits WPI PI 
x%0.425 LL 
(%) 
PL 
(%) 
PI(%) LS(%) 
23.8 
 
13.2 4.4 422.4 
 
CBR 
This sample has an unsoaked CBR of 22. It shall be noted that this sample was not tested 
for soaked CBR, however the minimum unsoaked CBR is greater than the lower limit of 
15 and as such is considered adequate. A durability test performed upon this sample would 
give a good indication of its potential for use. 
Gravel performance indication 
The most appropriate indication of this materials suitability as an unsealed wearing course 
is given by the GPI, as set out in Paige-Green (1997) & Austroads (2009). This sample 
displays good GPI which tends toward Corrugating zone. 
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Figure 4.3.23: Victoria Downs Gravel performance indication. (Source: Smith 2016) 
Material suitability 
This sample displays satisfactory overall performance to be considered for use as an 
unsealed wearing course material. Addition of gradings in the deficient sieve sizes would 
in theory improve its mechanical interlocking thus raising the CBR. 
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4.3.7 20 Mile Pit 
Located within the road reserve, some 32 kilometres west of the small township of Bollon, 
this pit is in active use by TMR for its sealed road network. 
Sample description 
Classified as a Ridge gravel by TMR soil technicians, the sample is situated in an area 
which, to the untrained eye would assume it is a sandstone given the reddish surroundings 
and proximity to sandstone pits nearby. The sample was collected from a stockpile onsite. 
 
Figure 4.3.24: 20 Mile pit. (Source: QLD Globe 2016) 
Particle size distribution 
As can be seen in the below figures, this material is non-compliant with MRTS05 Type 3 
grading D envelope. The material was graded by sieve analysis in compliance with Main 
Roads’ testing specification – Q103A. The sample was scrutinised against the requirements 
set by ARRB (2009) for an unsealed wearing course which showed that the material is non-
compliant – showing deficiency above the 0.425mm sieve. 
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Figure 4.3.25: 20 Mile pit sample against MRTS05 envelope. (Source: Smith 2016) 
 
Figure 4.3.26: 20 Mile pit sample against ARRB unsealed envelope. (Source: Smith 2016) 
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Atterberg Limits 
The material testing report did not provide all Atterberg limit values except for linear 
shrinkage. 
Table 4.3.7: 20 Mile Atterberg limits. (Source: Smith 2016.) 
Atterberg Limits WPI PI 
x%0.425 LL 
(%) 
PL 
(%) 
PI(%) LS(%) 
- 
 
- 4 - 
 
CBR 
This sample has an unsoaked CBR of 74. It shall be noted that this sample was not tested 
for soaked CBR, however the minimum unsoaked CBR is greater than the lower limit of 
15 and as such is considered more than adequate. A durability test performed upon this 
sample would give a good indication of its potential for use. 
Gravel performance indication 
The most appropriate indication of this materials suitability as an unsealed wearing course 
is given by the GPI, as set out in Paige-Green (1997) & Austroads (2009). This sample 
displays poor GPI as it is within the Corrugating zone. 
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Figure 4.3.27: 20 Mile Gravel performance indication. (Source: Smith 2016) 
Material suitability  
Given the unsatisfactory GPI and armchair grading curve, this pit material would not be 
suitable as a standalone wearing course material. 
4.3.8 Featherbed Pit 
Located within close proximity to the Wells’ White Rock pit, this pit is used by both TMR 
and MRC for both sealed and unsealed road maintenance and construction. 
Sample description 
This pit is classed as a White Rock and as such is expected to display properties pertaining 
to this classification. The sample was collected from a stockpile on site.  
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Figure 4.3.28: Featherbed pit. (Source: QLD Globe 2016) 
Particle size distribution 
As can be seen in the below figures, this material is non-compliant with MRTS05 Type 3 
grading D envelope. The material was graded by sieve analysis in compliance with Main 
Roads’ testing specification – Q103A. The sample was scrutinised against the requirements 
set by ARRB (2009) for an unsealed wearing course which showed that the material is non-
compliant – showing deficiency below the 19mm sieve. 
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Figure 4.3.29: Featherbed pit sample against MRTS05 envelope. (Source: Smith 2016) 
 
Figure 4.3.30: Featherbed pit sample against ARRB unsealed envelope. (Source: Smith 2016) 
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Atterberg Limits 
The material testing data did not provide much in the way of Atterberg limits except for 
the linear shrinkage. These limits are expected to lie in the range of the Wells’ pit. 
Table 4.3.8: Featherbed Pit Atterberg limits. (Source: Smith 2016.) 
Atterberg Limits WPI PI 
x%0.425 LL 
(%) 
PL 
(%) 
PI(%) LS(%) 
- - - 4 - 
 
CBR 
This sample has an unsoaked CBR of 82. This indicates a strong sample with adequate 
strength. 
Gravel Performance Indication 
Performance of this sample is poor. This sample could be improved markedly by the 
addition of material in the 0.075mm to 26.5mm range. 
 
Figure 4.3.31: Featherbed Gravel performance indication. (Source: Smith 2016) 
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Material suitability 
Given the poor GPI and non-compliant PSD, it would be unsustainable practice to use this 
material as an unsealed wearing course. 
4.3.9 Trunkey Hill 
Situated in the south of the South-West district, toward the QLD/NSW border, this pit is 
located on private property to which TMR has access and pays royalties for its use. 
Sample description 
Classified as a Ridge gravel, this pit is situated near a drainage feature typical of local ridge 
gravels. The exact properties of ridge gravels are hard to predict due to their inherent 
variable nature. 
 
Figure 4.3.32: Trunkey Hill pit. (Source: QLD Globe 2016) 
Particle size distribution 
As can be seen in the below figures, this material is non-compliant with the MRTS05 Type 
3 grading D or the ARRB unsealed envelope. The material was graded by sieve analysis in 
compliance with Main Roads’ testing specification – Q103A. The sample displays 
‘armchair’ grading, a common trait of naturally occurring road materials derived from 
Lateritic gravels WQ33 (2000). 
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Figure 4.3.33: Trunkey Hill pit sample against MRTS05 envelope. (Source: Smith 2016) 
 
Figure 4.3.34: Trunkey Hill pit sample against ARRB unsealed envelope. (Source: Smith 2016) 
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Atterberg Limits 
The provided Atterberg limits indicate that this material has a useful component of fines, 
the Plasticity index is in the ideal range for an unsealed wearing course. 
Table 4.3.9: Trunkey Hill Pit Atterberg limits. (Source: Smith 2016.) 
Atterberg Limits WPI PI 
x%0.425 LL 
(%) 
PL 
(%) 
PI(%) LS(%) 
22 - 9.8 4.6 254.8 
 
CBR 
This sample has an unsoaked CBR of 40. This indicates a strong sample with adequate 
strength. 
Gravel Performance Indication 
Performance of this sample is good. This sample could be improved markedly by the 
addition of material in the 0.425mm to 4.75mm range. 
 
Figure 4.3.35: Trunkey Hill Gravel performance indication. (Source: Smith 2016) 
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Material suitability 
Given the good performance of this sample and the adequate plasticity it would be 
satisfactory for use as a wearing course. If blended with a material with desirable grading 
curve its performance could be improved markedly. 
4.3.10 Teddington Pit 
Located some 10 kilometres south of the township of Surat, the Teddington Pit is positioned 
within private property to which TMR has access to and pays royalty for its usage. 
Sample description 
The area around Surat comprises reactive & fertile clay soils interspersed with pockets of 
sandstone. This pit is classified as a sandstone and was won by the stripping of the 
overlying black soil. The sample was collected from a stockpile onsite. 
 
Figure 4.3.36: Teddington sandstone pit. (Source: QLD Globe 2016) 
Particle size distribution 
This sample displays a linear PSD curve and is partially compliant with MRTS05 Type 3 
grading D and fully compliant with ARRB unsealed envelope. The material was graded by 
sieve analysis in compliance with Main Roads’ testing specification – Q103A. 
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Figure 4.3.37: Teddington pit sample against MRTS05 envelope. (Source: Smith 2016) 
 
Figure 4.3.38: Teddington pit sample against ARRB unsealed envelope. (Source: Smith 2016) 
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Atterberg Limits 
The material is almost devoid of fines, exhibiting lower than desirable percentages for most 
sieve sizes. This lack of fines and in particular, plastic fines, is evidenced by the poor GPI 
shown in the following section. 
Table 4.3.10: Teddington Pit Atterberg limits. (Source: Smith 2016.) 
Atterberg Limits WPI PI 
x%0.425 LL 
(%) 
PL 
(%) 
PI(%) LS(%) 
- - - 3.8 - 
 
CBR 
This sample has an unsoaked CBR of 58. This indicates a strong sample with adequate 
strength this is typical of clean sandstone samples. 
Gravel Performance Indication 
Performance of this sample is reduced by the lack of plastic fines, the majority of the fines 
in the sample are silts/sands which have minimal cohesion. 
 
Figure 4.3.39: Teddington Gravel performance indication. (Source: Smith 2016) 
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Material suitability 
Although fitting neatly into the ARRB PSD graph, this sample is deficient in plastic fines 
– evidenced by the low (3.8) Linear Shrinkage value which would cause it to corrugate 
and/or ravel under traffic. Addition of material in this range would result in a suitably 
resilient pavement. 
4.3.11 Euthulla Bore Pit 
Located adjacent to the Carnarvon Highway approximately 17 kilometres north of Roma. 
This pit is located within the road reserve to which TMR has access to for the extraction of 
gravel. 
Sample description 
This sample was collected from a stockpile on site. It is assumed that the sample collected 
is in a similar condition to the natural material won from the pit. 
 
Figure 4.3.40: Euthulla Bore sandstone pit. (Source: QLD Globe 2016) 
Particle size distribution 
This sample displays a PSD curve which is completely biased towards sands and clays and 
is partially compliant with MRTS05 Type 3 grading D and ARRB unsealed envelope. The 
material was graded by sieve analysis in compliance with Main Roads’ testing specification 
– Q103A. 
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Figure 4.3.41: Euthulla Bore sample against MRTS05 envelope. (Source: Smith 2016) 
 
Figure 4.3.42: Euthulla Bore sample against ARRB unsealed envelope. (Source: Smith 2016) 
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Atterberg Limits 
The provided sample and accompanying testing report did not provide all Atterberg Limit 
data, except for the linear shrinkage. The material has an abundance of material passing the 
0.425mm sieve, Plasticity Index was not provided. The sample displays low linear 
shrinkage – indicative of most sandstones within this area. The low linear shrinkage value 
may indicate a propensity to break up under traffic leading to ravelling as seen in the other 
sandstones. 
Table 4.3.11: Euthulla Bore Atterberg limits. (Source: Smith 2016.) 
Atterberg Limits WPI PI 
x%0.425 LL 
(%) 
PL 
(%) 
PI(%) LS(%) 
- - - 5.2 NA 
 
CBR 
This sample has an unsoaked CBR of 36. Strength under traffic will be satisfactory however 
a durability & stability test should be conducted on the sample prior to use. 
Gravel Performance Indication 
Performance of this sample is expectedly ‘slippery’ which is due to the amount of material 
passing the 0.425mm sieve and its’ reasonable linear shrinkage value. This sample would 
display poor particle interlock during wetter times which is in agreement with the GPI as 
shown below. 
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Figure 4.3.43: Euthulla Bore Gravel performance indication. (Source: Smith 2016) 
Material suitability 
Given the high proportion of material passing the 0.425mm sieve it would be inadvisable 
to use this material as a standalone material. It is however, suitable for use an additive to a 
material nearby which may be deficient in this sieve size. 
4.3.12 Penrose White Rock Pit 
Located adjacent to the Carnarvon Highway, approximately 40 kilometres south-east of 
Roma, the Penrose White rock pit is located within private property to which TMR has 
access to and pays the owner a royalty for its use. This pit is used extensively by both TMR 
and MRC. 
Sample description 
The sample was collected by excavation from a stockpile at the pit. As can be seen from 
Figure 4.3.44, the site is a white rock pit. It is expected to display properties and 
performance similar to other white rock pits in the South-West region. 
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Figure 4.3.44: Penrose White rock pit. (Source: QLD Globe 2016) 
Particle size distribution 
As can be seen in the below figures, this material is non-compliant with MRTS05 Type 3 
grading D envelope. It is however, compliant with the ‘E’ grading envelope. The material 
was graded by sieve analysis in compliance with Main Roads’ testing specification – 
Q103A. The sample was scrutinised against the requirements set by ARRB (2009) for an 
unsealed wearing course which showed that the material has an unsatisfactory grading 
curve, deficient in all sieve sizes. 
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Figure 4.3.45: Penrose White Rock sample against MRTS05 envelope. (Source: Smith 2016) 
 
Figure 4.3.46: Penrose White Rock sample against ARRB unsealed envelope. (Source: Smith 2016) 
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Atterberg Limits 
The provided sample and accompanying testing report did not provide all Atterberg Limit 
data, except for the linear shrinkage. The material has minimal amount of material passing 
the 0.425mm sieve, Plasticity Index was not provided. The sample displays low linear 
shrinkage – indicative of most sandstones within this area. The low linear shrinkage value 
may indicate a propensity to break up under traffic leading to ravelling. 
Table 4.3.12: Penrose White rock Atterberg limits. (Source: Smith 2016.) 
Atterberg Limits WPI PI 
x%0.425 LL 
(%) 
PL 
(%) 
PI(%) LS(%) 
- - - 5.0 NA 
 
CBR 
This sample has an unsoaked CBR of 34. Strength under traffic will be satisfactory however 
a durability & stability test should be conducted on the sample prior to use. 
Gravel Performance Indication 
Performance of this sample is poor with not enough plastic fines to afford cohesion to 
particles. 
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Figure 4.3.47: Penrose White Rock Gravel performance indication. (Source: Smith 2016) 
Material suitability 
Due to this samples propensity to corrugate and ravel, it would be erroneous practice to use 
as a standalone unsealed wearing course. Blending with a material with a greater amount 
of plastic fines and improved grading in the key sieve sizes would improve its usefulness 
as an additive or bulking gravel. 
4.3.13 Raceview Pit 
Located approximately 13 kilometres East of Charleville on the Warrego Highway, this pit 
is positioned between the Warrego Highway and the Western railway line.  
Sample description 
The sample was collected by excavation from a stockpile at the pit. The pit is classified as 
containing Ridge gravel. 
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Figure 4.3.48: Raceview pit. (Source: QLD Globe 2016) 
Particle size distribution 
As can be seen in the below figures, this material is non-compliant with MRTS05 Type 3 
grading D envelope. It is however, compliant with the ‘E’ grading envelope. The material 
was graded by sieve analysis in compliance with Main Roads’ testing specification – 
Q103A. The sample was scrutinised against the requirements set by ARRB (2009) for an 
unsealed wearing course which showed that the material has an unsatisfactory grading 
curve, deficient in sieve sizes above the sand fraction. 
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Figure 4.3.49: Raceview sample against MRTS05 envelope. (Source: Smith 2016) 
 
Figure 4.3.50: Raceview sample against ARRB unsealed envelope. (Source: Smith 2016) 
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Atterberg Limits 
The material has minimal amount of material passing the 0.425mm sieve, Plasticity Index 
was not provided. The sample displays very low linear shrinkage – indicative of duricrust 
WQ33 (2000). The low linear shrinkage value may indicate a propensity to break up under 
traffic leading to ravelling. 
Table 4.3.13: Raceview Atterberg limits. (Source: Smith 2016.) 
Atterberg Limits WPI PI 
x%0.425 LL 
(%) 
PL 
(%) 
PI(%) LS(%) 
19 - 7.4 3.2 259 
 
CBR 
This sample has an unsoaked CBR of 44. Strength under traffic will be satisfactory however 
a durability & stability test should be conducted on the sample prior to use. 
Gravel Performance Indication 
Performance of this sample is poor with not enough plastic fines to afford cohesion to 
particles. Addition of gravel with an abundance of grading’s above the sand fraction would 
improve the grading coefficient thus improving the resilience of this material. 
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Figure 4.3.51: Raceview pit Gravel performance indication. (Source: Smith 2016) 
Material suitability  
This samples’ propensity to erode would deem it unsuitable for use as a standalone wearing 
course, it is however, advised that this material be used in conjunction with a material 
which has a desirable amount of smaller gravel sizes above the 4.75mm sieve.  
 
4.3.14 ‘32.7 km’ Pit 
This pit is located within the road corridor of the Quilpie-Thargomindah Road, some 32.7 
kilometres south of the town of Quilpie.  
Sample description 
This material is classified as a Decomposed rock by TMR soil technicians. The sample 
analysed was collected from a stockpile at the pit. It is assumed to be representative of the 
natural state of materials from the pit. 
123 
 
 
Figure 4.3.52: 32.7km pit. (Source: QLD Globe 2016) 
Particle size distribution 
As can be seen in the below figures, this material is deficient in the sizes above the 4.75mm 
sieve. The material was graded by sieve analysis in compliance with Main Roads’ testing 
specification – Q103A. The sample was scrutinised against the requirements for an 
unsealed wearing course which showed that the material is undersized and displays an 
armchair grading typical of many Western Queensland soils. The material does not fit 
within the broader grading envelope for an MRTS05 Type 3 - Grading D. 
The reason for the undersize dominance is caused by the type of natural material in this 
area, this area is predicted to feature alluviums. WQ33 (2000). 
However, for the purpose of evaluating the material for its blending capabilities, the PSD 
result has been taken to be representative, in order to assess its blending potential. With 
this assumption noted, the remedy to the given distribution is to introduce a secondary 
material to balance the proportion of material sizes between the 4.75mm and 26.5mm sieve. 
The following figures show the grading of this sample with respect to standard gradings 
given in MRTS05 & Austroads (2009) 
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Figure 4.3.53: 32.7km Pit sample against MRTS05 envelope. (Source: Smith 2016) 
 
Figure 4.3.54: 32.7km Pit sample against ARRB unsealed envelope. (Source: Smith 2016) 
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Atterberg Limits 
The testing data supplied did not include all Atterberg limits. The linear shrinkage was able 
to be used for the purpose of determining gravel performance’ Shrinkage product. 
Table 4.3.14: 32.7km Pit Atterberg limits. (Source: Smith 2016.) 
Atterberg Limits WPI PI 
x%0.425 LL 
(%) 
PL 
(%) 
PI(%) LS(%) 
18.8 
  
4 0 
 
CBR 
The sample has an unsoaked CBR of 50, well above the minimum desirable value of 15 for 
an unsealed wearing course. 
Gravel Performance Indication 
Given the high amount of plastic fines and suitable grading for the 4.75mm & 26.5mm 
sieve, this sample displays ‘good’ performance if not tracking towards the erodible zone. 
 
Figure 4.3.55: 32.7km Pit Gravel performance indication. (Source: Smith 2016) 
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Material suitability 
This sample would be adequate when used as a standalone material however the lack of 
mid-range gravel fractions would accelerate deterioration due to the samples’ tendency to 
erode. 
4.3.15 Wells’ Pit 
See section 4.2.8 for aerial view. 
Sample description 
The sample was collected by excavation from a stockpile at the pit. As can be seen from 
Figure 4.29, the site is a white rock pit. It is expected to display properties and performance 
similar to other white rock pits in the South-West region. 
PSD Evaluation 
As can be seen in the below figures, this material is non-compliant with MRTS05 Type 3 
grading D envelope. It is however, compliant with the ‘E’ grading envelope. The material 
was graded by sieve analysis in compliance with Main Roads’ testing specification – 
Q103A. The sample was scrutinised against the requirements set by ARRB (2009) for an 
unsealed wearing course which showed that the material has a satisfactory grading curve 
with some deficiency above the 19mm sieve. 
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Figure 4.3.56: Wells’ Pit sample against MRTS05 envelope. (Source: Smith 2016) 
 
Figure 4.3.57: Wells’ Pit sample against ARRB unsealed envelope. (Source: Smith 2016) 
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Atterberg Limits 
The material has low fines for the ‘D’ grading envelope but the fines component available 
displays desirable qualities for use as a blending additive. The low linear shrinkage value 
is a factor in this samples’ low Shrinkage product. 
Table 4.3.15: Wells’ Pit Atterberg limits. (Source: Smith 2016.) 
Atterberg Limits WPI PI 
x%0.425 LL 
(%) 
PL 
(%) 
PI(%) LS(%) 
19.8 
 
8.2 4.8 278.8 
 
CBR 
This sample has an unsoaked CBR of 130. This may indicate a strong sample with adequate 
strength. 
Gravel performance indication 
The low linear shrinkage value puts this sample in the poorer category for performance. 
The lack of material in the 19mm & 26.5mm sieve size results in a poor grading coefficient 
also which is evidenced in Figure  
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Figure 4.3.58: Wells’ Pit Gravel performance indication. (Source: Smith 2016) 
Material suitability 
While displaying a gap-graded PSD curve and poor performance, this sample would be 
suitable for use as a blending additive. The high CBR value might trick inexperienced 
practitioners into the implementation of the material as a standalone however this would 
be unsustainable use of this resource given its tendency to erode and corrugate. 
4.3.16 Gaemond West Pit 
Located in the east of the study area some 30 kilometres south of the township of Yuleba, 
this pit is within the road reserve of Yuleba-Surat Road to which both TMR and MRC have 
access to. 
Sample description 
This material won from this borrow pit has been described as a Red Pea Gravel, the first 
such classification in this study. The sample collected for analysis is considered 
representative of the material in-situ. 
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Figure 4.3.59: Gaemond pit. (Source: QLD Globe 2016) 
PSD Evaluation 
As can be seen in the below figures, this material is mostly compliant with MRTS05 Type 
3 grading D envelope. The material was graded by sieve analysis in compliance with Main 
Roads’ testing specification – Q103A. The sample was scrutinised against the requirements 
set by ARRB (2009) for an unsealed wearing course which showed that the material has a 
satisfactory grading curve. 
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Figure 4.3.60: Gaemond Pit sample against MRTS05 envelope. (Source: Smith 2016) 
 
Figure 4.3.61: Gaemond Pit sample against ARRB unsealed envelope. (Source: Smith 2016) 
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Atterberg Limits 
The material has a higher than desirable WPI according to WQ35 (2014), all other 
Atterberg limits are desirable and indicate the potential for good performance. 
Table 4.3.16: Gaemond Pit Atterberg limits. (Source: Smith 2016.) 
Atterberg Limits WPI PI 
x%0.425 LL 
(%) 
PL 
(%) 
PI(%) LS(%) 
25 
 
11.2 5 414.4 
 
CBR 
This sample has an unsoaked CBR of 64. This may indicate a strong sample with adequate 
strength. 
Gravel performance indication 
As expected, the sample displays good performance.  
 
Figure 4.3.62: Gaemond Pit Gravel performance indication. (Source: Smith 2016) 
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Material suitability 
Noting the superior performance of this sample as shown in Figure 4.3.62 above, this 
sample would perform well as an unsealed wearing course material and would also be 
useful as a starting point for any potential blends deficient in the >9.5mm gradings. 
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4.3.17 Charlotte Plains Pit 
Located some 31 kilometres east of Cunnamulla, this pit is within the road reserve and as 
such is accessed easily from the Balonne Highway. 
Sample description 
Described as Ridge gravel, this class of gravel is found near to drainage lines as shown in 
Figure 4.3.20. The sample contains a blend of silts, clays and gravels and are assumed to 
display gap-grading. 
 
Figure 4.3.63: Charlotte Plains pit. (Source: QLD Globe 2016) 
Particle size distribution 
As can be seen in the below figures, this material is non-compliant with MRTS05 Type 3 
grading D envelope. The material was graded by sieve analysis in compliance with Main 
Roads’ testing specification – Q103A. The sample was scrutinised against the requirements 
set by ARRB (2009) for an unsealed wearing course which showed that the material has a 
mostly satisfactory grading curve albeit with minor deficiencies at the ‘seat’ of the armchair 
in the 2.36mm to 9.5mm range. 
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Figure 4.3.64: Charlotte Plains Pit sample against MRTS05 envelope. (Source: Smith 2016) 
 
Figure 4.3.65: Charlotte Plains Pit sample against ARRB unsealed envelope. (Source: Smith 2016) 
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Atterberg Limits 
This material has almost no plastic fines, this detrimentally affects its’ performance in use. 
Table 4.3.17: Charlotte Plains Pit Atterberg limits. (Source: Smith 2016.) 
Atterberg Limits WPI PI 
x%0.425 LL 
(%) 
PL 
(%) 
PI(%) LS(%) 
17.4 12.8 4.6 1.2 151.8 
 
CBR 
This sample has an unsoaked CBR of 160. This may indicate a strong sample with adequate 
strength. 
Gravel performance indication 
As expected, the sample displays poor performance, centred in the zone of corrugating and 
ravelling. 
 
Figure 4.3.66: Charlotte Plains Pit Gravel performance indication. (Source: Smith 2016) 
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Material suitability 
It would be poor practice on the part of a road practitioner to implement this material as an 
unsealed wearing course without treatment via blending or other means. The low plasticity 
of this sample would cause the wearing surface to become ‘boney’ under traffic 
necessitating premature resheeting. 
4.3.18 Tinnenburra Pit 
Located 28 kilometres north of the QLD/NSW state border on the Barringun Road, the 
Tinnenburra pit is accessed from the Amenda-Tinnenburra Road. 
Sample description 
Described as Ridge gravel, this class of gravel is found near to drainage lines. The sample 
contains a blend of silts, clays and gravels and is assumed to display gap-grading. 
 
Figure 4.3.67: Tinnenburra pit. (Source: QLD Globe 2016) 
Particle size distribution 
As can be seen in the below figures, this material is non-compliant with MRTS05 Type 3 
grading D envelope. The material was graded by sieve analysis in compliance with Main 
Roads’ testing specification – Q103A. The sample was scrutinised against the requirements 
set by ARRB (2009) for an unsealed wearing course which showed that the material has a 
unsatisfactory grading curve for a Ridge gravel. 
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Figure 4.3.68: Tinnenburra Pit sample against MRTS05 envelope. (Source: Smith 2016) 
 
Figure 4.3.69: Tinnenburra Pit sample against ARRB unsealed envelope. (Source: Smith 2016) 
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Atterberg Limits 
This material has enough plastic fines and of suitable cohesion of which to provide good 
shrinkage product and thus performance. 
Table 4.3.18: Tinnenburra Pit Atterberg limits. (Source: Smith 2016.) 
Atterberg Limits WPI PI 
x%0.425 LL 
(%) 
PL 
(%) 
PI(%) LS(%) 
20.8 12 8.8 5 184.8 
 
CBR 
This sample has an unsoaked CBR of 38. This is above the minimum value of 15. 
Gravel performance indication 
Given the satisfactory linear shrinkage and plasticity index, this sample displays 
satisfactory performance. 
 
Figure 4.3.70: Tinnenburra Pit Gravel performance indication. (Source: Smith 2016) 
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Material suitability 
Although edging on the low side of ‘good’ performance, this material could be used as a 
standalone unsealed wearing course. It would, however, be prone to corrugation as a mode 
of failure. 
4.3.19 Cuttaburra Pit 
Situated 35 kilometres south of Cunnamulla on the Mitchell Highway/Barringun Road, this 
pit is within the road corridor allowing for easy access by TMR/RoadTek. 
Sample description 
Similar to other material sources in this area, Cuttaburra is classed as a Ridge gravel. The 
sample contains a blend of silts, clays and gravels and is assumed to display gap-grading. 
 
Figure 4.3.71: Cuttaburra pit. (Source: QLD Globe 2016) 
Particle size distribution 
As can be seen in the below figures, this material is non-compliant with MRTS05 Type 3 
grading D envelope. The material was graded by sieve analysis in compliance with Main 
Roads’ testing specification – Q103A. The sample was scrutinised against the requirements 
set by ARRB (2009) for an unsealed wearing course which showed that the material has a 
mostly satisfactory grading curve albeit with minor deficiencies at the ‘seat’ of the armchair 
in the 2.36mm to 9.5mm range. 
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Figure 4.3.72: Cuttaburra Pit sample against MRTS05 envelope. (Source: Smith 2016) 
 
Figure 4.3.73: Cuttaburra Pit sample against ARRB unsealed envelope. (Source: Smith 2016) 
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Atterberg Limits 
This material has enough plastic fines and of suitable cohesion of which to provide good 
shrinkage product and thus performance. 
Table 4.3.19: Cuttaburra Pit Atterberg limits. (Source: Smith 2016.) 
Atterberg Limits WPI PI 
x%0.425 LL 
(%) 
PL 
(%) 
PI(%) LS(%) 
21.2 11.8 9.4 4.8 244.4 
 
CBR 
This sample has an unsoaked CBR of 24. This is above the minimum value of 15, it would 
be irresponsible of the road practitioner to negate the completion of a durability test on this 
sample prior to use. 
Gravel performance indication 
Given the satisfactory linear shrinkage and plasticity index, this sample displays 
satisfactory performance. 
 
Figure 4.3.74: Cuttaburra Pit Gravel performance indication. (Source: Smith 2016) 
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Material suitability 
Taking into consideration the overall expected performance of the sample and its lower-
than-desired CBR it is advised that caution should be taken when using this material as a 
standalone wearing course. 
4.3.20 ‘166 km’ Pit 
Located 40 kilometres east of Quilpie on the Diamantina Development Road and 166 
kilometres west of Charleville, this borrow pit is within the road corridor. 
Sample description  
Similar to other material sources in this area, material from this pit is classed as a Ridge 
gravel. The sample contains a blend of silts, clays and gravels and is assumed to display 
gap-grading. 
 
Figure 4.3.75: 166km pit. (Source: QLD Globe 2016) 
Particle size distribution 
As can be seen in the below figures, this material is non-compliant with MRTS05 Type 3 
grading D envelope. The material was graded by sieve analysis in compliance with Main 
Roads’ testing specification – Q103A. The sample was scrutinised against the requirements 
set by ARRB (2009) for an unsealed wearing course which showed that the material has a 
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mostly satisfactory grading curve albeit with minor deficiencies at the ‘seat’ of the armchair 
in the 2.36mm to 9.5mm range. 
 
Figure 4.3.76: 166km Pit sample against MRTS05 envelope. (Source: Smith 2016) 
145 
 
 
Figure 4.3.77: 166km Pit sample against ARRB unsealed envelope. (Source: Smith 2016) 
Atterberg Limits 
This material has enough plastic fines and of suitable cohesion of which to provide good 
shrinkage product and thus performance. 
Table 4.3.20: 166km Pit Atterberg limits. (Source: Smith 2016.) 
Atterberg Limits WPI PI 
x%0.425 LL 
(%) 
PL 
(%) 
PI(%) LS(%) 
18.6 12.4 6.2 4.4 217 
 
CBR 
This sample has an unsoaked CBR of 48. This is above the minimum value of 15, it would 
be irresponsible of the road practitioner to negate the completion of a durability test on this 
sample prior to use. 
Gravel performance indication 
Given the satisfactory linear shrinkage and plasticity index, this sample displays good 
performance. 
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Figure 4.3.78: 166km Pit Gravel performance indication. (Source: Smith 2016) 
4.4 Results Commentary 
The majority of materials encountered in the Maranoa region and South-West Districts can 
be classified as non-traditional road making materials, when compared to the manufactured 
quarry materials used widely for the construction of sealed pavements. These materials fall 
into the category of ‘Marginal’, whereby they exhibit only some of the idealistic properties 
for an unsealed wearing course and are therefore candidates for modification by granular 
stabilisation.  
The level to which these marginal materials are able to be improved is limited by the cost, 
quality and proximity of ameliorating gravel types. For most of the samples encountered, 
not only in the Maranoa region but extending into the farthest reaches of the South-West 
district, the main deficiency is determined to be found with the amount of plastic fines 
available to provide adequate cohesion to the lager aggregate sizes. 
As noted previously, the 26.5mm sieve is not always part of NATA particle size distribution 
testing conducted for both the Department of Transport and Main Roads and Maranoa 
Regional Council, therefore this size grading was determined by linear interpolation 
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between the sieve sizes below and above, this may cause the results to be better than a 
natural sample. 
4.5 Conclusions 
In general, results for the TMR gravel pits were generally in agreement with the predictions 
of gap-grading as given in WQ33 (2000). This grading deficiency did not adversely affect 
the theoretical performance of many of the samples, given the percentages of material 
passing the 2.36, 4.75 & 26.5mm sieves used to determine the Grading coefficient which 
factored into part of the performance determination. 
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Chapter 5 - Material Blending 
5.1 General 
5.1.1 Blend design parameters 
The process of blending two or materials using the Grading spreadsheet is conducted in 
such a way to assess the Maranoa region pits before the South-west region pits and then 
finally devising blends which utilise materials from both sources.  
For each pit, its PSD curve is examined to identify where the deficiencies lie, this 
provides a starting point to correct the PSD with material from a separate pit which 
possesses a sufficient proportion of material in the formers’ deficient zone.  
Using the Grading spreadsheet and by iterating the proportions of each pit, the optimum 
PSD curve can be established which can then be cross-checked for its performance using 
the GPI graph. Other properties in the Atterberg limits section must be checked to ensure 
compliance with relevant ARRB specifications. Of importance is the value of CBR, this 
must be maintained above a minimum of 15 for unsealed wearing course materials – 
which requires that a minimum percentage of a material with a suitable CBR is added to 
another material with a substandard CBR. 
Once both the PSD and GPI have been satisfied, the blend design is then complete and 
can be tabulated. The proportions of each material and percentage passing each sieve is 
provided in Appendices 1 to 3. 
5.1.2 Prospective Blends 
Using the Grading spreadsheet allows for upwards of 5.4 million possible pavement 
blend designs using a 5 percent material proportion increment, this was considered 
excessive for this project – thus a set of requirements to limit the number of blends was 
established. 
Proximity requirement: using the nominal separation between pits of 100 to 150 
kilometres creates 3 subgroupings for potential blends within the MRC samples. This 
assumes that any prospective stabilisation job would lie within this specified proximity 
to the pits to reduce cartage expenses. That being stated, if the tonnages of material 
required were such that an economy of scale developed whereby it became feasible to 
transport material large distances – this limit could be increased. Further economic 
analysis would determine this.  
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5.2 Maranoa Regional Council Blends 
5.2.1 Blend A – Busiko’s Pit + Lussvale Pit 
Blend Description 
This blend is combines material from Busiko’s pit and Lussvale pit. These pits are 
approximately 85 kilometres apart with the former being accessed from the Warrego 
Highway and the latter from Aberglassie-Bargunyah road. Individual sample results are 
presented in sections 4.2.1 & 4.2.2. 
Particle Size Distribution 
By combining 60% from Busiko’s pit with 40% from Lussvale, a resultant blend resides 
centrally in the ideal particle sized distribution curve for an unsealed wearing course. The 
Lussvale sample was deficient from the sand limit upwards, this was complemented well 
by the Busiko’s sample which was rich in sizes 2.36mm and above. 
 
Figure 5.2.1: Blend A sample against ARRB unsealed envelope. (Source: Smith 2016) 
Gravel performance indication 
Given the improved PSD and ideal amount of fines in the resulting blend. The performance 
of this blend design is ‘good’, by reducing Busiko’s tendency to dust by lowering the 
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amount of material passing the 0.425mm sieve this design should provide satisfactory 
service. 
 
Figure 5.2.2: Blend A sample gravel performance indication. (Source: Smith 2016) 
Atterberg Limits 
These are provided in Appendix C. 
CBR 
The combined theoretical CBR is 21.8, only fractionally above the desirable minimum of 
15. Placement of this blend would need to be carefully controlled to ensure maximum 
compaction at Optimum Moisture Content. 
5.2.2 Blend B – Stony Creek Pit + Basin Downs Pit 
Sample Description 
Although on the higher end of the geographical separation scale at 133 kilometres these 
pits were chosen for blending given the desirable plastic properties exhibited from the 
Stony Creek material. 
Particle Size Distribution 
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The Stony Creek pit material had excessive fines and sands, while the Basin Downs’ pit 
had deficiencies in these sizes. A blend comprising 20% Stony Creek material with 80% 
Basin Downs’material was selected due to its conformance with the ARRB unsealed 
wearing course PSD. 
 
Figure 5.2.3: Blend B sample against ARRB unsealed envelope. (Source: Smith 2016) 
Gravel performance indication 
By reducing the ‘slipperiness’ of the Stony Creek sample and the friability of the Basin 
Down’s sample, this blend design provides ‘good’ performance if not trending towards 
ravelling. The amount of Stony Creek material used was limited to 20% given its excessive 
amount of material passing the 6.7, 9.5 & 13.2mm sieves. It should be noted that only 20% 
addition is required to achieve this performance improvement – any higher and the sample 
would tend to be prone to dusting. 
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Figure 5.2.4: Blend B sample gravel performance indication. (Source: Smith 2016) 
Atterberg Limits 
These are provided in Appendix C. 
CBR 
A theoretical value of 32.6 was returned for the CBR. This is well above the desirable 
minimum of 15. 
5.2.3 Blend C – Stony Creek Pit + Ashling Pit 
Sample description 
Utilising the Stony Creek material, this blend was designed due to the close proximity of 
each pit from one another ~ 8 kilometres. The Ashling pit material was deficient in most 
sieve sizes compared to the Stony Creek material. 
Particle Size Distribution 
The broad-range deficiencies of the abovementioned Ashling pit, below the 19mm sieve 
have been remedied by the combination of 40% Stony Creek with 60% Ashling. The 
resulting PSd still sits in the low range of the envelope for the 2.36mm to 19.0mm sieve 
but is more than satisfactory in the fines end of the graph.  
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Figure 5.2.5: Blend C sample against ARRB unsealed envelope. (Source: Smith 2016) 
Gravel Performance Indication 
Given the improved PSD and ideal amount of fines in the resulting blend. The performance 
of this blend design is ‘good’. The resulting blend would give good performance if not 
tending to dust after some time in service. 
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Figure 5.2.6: Blend C sample gravel performance indication. (Source: Smith 2016) 
Atterberg Limits 
These are provided in Appendix C. 
CBR 
The resulting blend has a satisfactory CBR value of 27.2, above the minimum value of 15 
for an unsealed wearing course. 
5.2.4 Blend D – Basin Downs + Balgownie + Stony Creek Pits 
Sample description 
This blend design incorporates 3 MRC pits, with Stony Creek material being utilised due 
to the desirable fines component properties it possesses. 
Particle size distribution 
As can be seen below, the Balgownie and Basin Down’s samples are deficient in fines, 
with Balgownie exhibiting a ‘reverse armchair’ grading curve with significant deficiency 
above the 9.5mm sieve. A half and half blend of Balgownie and basin Downs would have 
been sufficient to correct grading deficiencies above the sand limit however the fines 
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proportion of this resulting blend would not have resulted in satisfactory performance. 
Hence a 40/40/20 blend was selected. The 20% inclusion of Stony Creek material 
significantly improves the PSD curve and subsequent GPI. 
 
Figure 5.2.7: Blend D sample against ARRB unsealed envelope. (Source: Smith 2016) 
Gravel performance indication 
As mentioned, the inclusion of the Stony Creek pit material improved both the PSD and 
wearing performance from the inclusion of cohesive fines. 
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Figure 5.2.8: Blend D sample gravel performance indication. (Source: Smith 2016) 
Atterberg limits 
These are provided in Appendix C. 
CBR 
The resultant blend has a CBR value of 24.4, this is considered useable however care would 
need to be taken during construction to be able to get the most from these materials. 
5.2.4 Blend E – Byzantium pit + Balgownie Pit 
Sample Description 
This blend combines material from the Byzantium and Balgownie pits. With approximately 
130 kilometres direct separation, the geographical proximity is at the less favourable end 
of the scale however due to the number of unsealed roads between these two pits a blend 
between them could be viable pursuant to further analysis. 
Particle Size Distribution 
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This blend was designed to bolster both the fines component & larger aggregate fractions 
of the Balgownie material. After iterating through a number of proportion increments, a 
blend of 25% Balgownie with 75% Byzantium was selected. 
 
Figure 5.2.9: Blend E sample against ARRB unsealed envelope. (Source: Smith 2016) 
Gravel performance indication 
Noting the improved amount of fines in the resulting blend when compared to the 
Balgownie sample, it was expected that this resultant blend would give good performance. 
This is evidenced in Figure 5.2.10, showing improved performance than that of its 
constituent materials. This blend will suffer from dusting over time. 
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Figure 5.2.10: Blend E sample gravel performance indication. (Source: Smith 2016) 
Atterberg Limits 
The improved Atterberg limits are included in Appendix C. 
CBR 
Given the low CBR of the Byzantium pit, this blend has an undesirably low CBR of 17.8. 
Achieving good compaction during construction should be of paramount concern. 
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5.3 South West District Blends 
5.3.1 Blend F - 32.7km Pit + 166km Pit 
Sample Description 
With around 40 kilometres of direct separation and around 80 kilometres by road, these 
pits were considered due to the perceived ease with which material could be transported 
between.  
Particle Size Distribution 
By blending the fines’& sands rich 32.7km pit material with the sands deficient 166km pit 
a satisfactory resultant was achieved. The resulting 40/60 blends PSD curve sits well within 
the ARRB envelope below the sand fraction with general deficiencies in gradings above 
the 4.75mm sieve. 
 
Figure 5.3.1: Blend F sample against ARRB unsealed envelope. (Source: Smith 2016) 
Gravel performance indication 
By boosting the proportion of material passing the 4.75mm & 2.36mm sieves, the resultant 
blend gives better than expected performance.  
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Figure 5.3.2: Blend F sample gravel performance indication. (Source: Smith 2016) 
Atterberg Limits 
These are provided in Appendix D. 
CBR 
This blend has an unsoaked CBR of 27.2. 
5.3.2 Blend G – 32.7km pit + Eromanga Pit 
Sample description 
With reference to the fines and sands rich 32.7km pit PSD curve, this blend was designed 
to negate the overall deficiencies of the Eromanga Pit material which exhibited very poor 
theoretical performance. 
Particle size distribution 
A blend consisting of 75% from the 32.7km pit mixed with 25% from the Eromanga pit 
was developed. As can be seen in Figure 5.3.3 the resulting PSD curve has a high 
proportion of material below the 9.5mm sieve. The blend shows significant grading 
deficiencies above the 9.5mm sieve which causes the GPI to be positioned to the left of 
centre in the ‘good’ zone. 
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Figure 5.3.3: Blend G sample against ARRB unsealed envelope. (Source: Smith 2016) 
Gravel performance indication 
As mentioned above, the grading deficiencies of the blend lie above the 9.5mm sieve. This 
weights the GPI towards the ‘erodible’ zone. The performance is still considered ‘good’. 
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Figure 5.3.4: Blend G sample gravel performance indication. (Source: Smith 2016) 
Atterberg Limits 
The improved Atterberg limits are included in Appendix D. 
CBR 
A theoretical CBR of 48.25 was returned for Blend G, this is considered satisfactory. 
5.3.3 Blend H – Charlotte Plains + Cuttaburra Pits 
Sample Description 
Moving to the south of the South-West district, this blend was developed due to the 
reasonable proximity of the constituent pits – just 42 kilometres direct separation. 
Particle size distribution 
With both pit samples exhibiting gap ‘armchair’ grading, a blend between these two sources 
presented difficulties in terms of achieving better overall performance than that of its parent 
materials. A combination of 30% from Charlotte Plains with 70% from the Cuttaburra Pit 
was selected. 
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Figure 5.3.5: Blend H sample against ARRB unsealed envelope. (Source: Smith 2016) 
Gravel performance indication 
The poor performance of the Charlotte Plains material was moderately improved by the 
addition of Cuttaburra material if only to put it on the boundary of ‘good’ with that of the 
corrugating and ravelling zone. 
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Figure 5.3.6: Blend H sample gravel performance indication. (Source: Smith 2016) 
Atterberg limits 
The combined Atterberg limits are included in Appendix D, of note is the very low 
combined Linear Shrinkage of 3.72 which is a factor in the Blends poor GPI. 
CBR 
A CBR of 64.8 was determined for this blend which is entirely satisfactory for an unsealed 
wearing course material. 
5.3.4 Blend J – Trunkey Hill + Tinnenburra Pits 
Sample description 
The two pits used in this blend design are situated on the Mitchell Highway south of 
Cunnamulla, with 31 kilometres separation and a number of local unsealed roads in the 
area this design may be put to good use locally. 
Particle size distribution 
Both the Trunkey Hill and Tinnenburra pit gravels exhibit gap grading, notably in the 
2.36mm to 19mm range. With minimal fines, both samples display very poor theoretical 
performance in the form of expected corrugation and ravelling. The counteract this a blend 
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consisting of 75% Trunkey Hill with the remainder from Tinnenburra was trialled. The 
blend result was still poor structurally. 
  
Figure 5.3.7: Blend J sample against ARRB unsealed envelope. (Source: Smith 2016) 
Gravel performance indication 
The expected performance of this design was low, considering the poor performance of its 
constituent materials. The resulting performance is in the ‘good’ however it is expected to 
deteriorate via corrugations due to the lack of cohesive fines in the blend. 
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Figure 5.3.8: Blend J sample gravel performance indication. (Source: Smith 2016) 
Atterberg limits 
Atterberg limits are provided in Appendix D. 
CBR 
Both the pits featured in this blend have satisfactory CBR values, the resulting CBR of 39.5 
is entirely satisfactory for an unsealed wearing course. 
5.3.5 Blend K – Penrose white rock + Gaemond West pits 
Sample description 
By using geographical proximity to advantage, this blend aims to improve the inherent 
wide-ranging deficiencies in the Penrose White Rock sample by the addition of the 
considerably better performing Gaemond West sample. With a mere 31 kilometres 
separating these pits, mixing at either pit could be accomplished. 
Particle size distribution 
A 30/70 Penrose/Gaemond blend was developed which resulted in a PSD curve which sat 
within the targeted PSD envelope, albeit exhibiting a slightly gap graded curve shape 
borrowed from the large proportion of Gaemond West material in the blend. 
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Figure 5.3.9: Blend K sample against ARRB unsealed envelope. (Source: Smith 2016) 
Gravel performance indication 
With the blend achieving good compliance with the specified ARRB unsealed envelope, 
and noting the reasonable amount of fines in the blend – a satisfactory performance was 
achieved. Further performance gains could be achieved if material within either of the pits 
were to display higher linear shrinkage values. 
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Figure 5.3.10: Blend K sample gravel performance indication. (Source: Smith 2016) 
Atterberg Limits 
Atterberg limits for this blend are included in Appendix D.  
CBR 
A high CBR of 55 was achieved for this blend due to the CBR of the Gaemond West 
material. 
Material suitability 
5.3.6 Blend L – Gaemond West +Featherbed pits 
Sample description 
By utilising the Gaemond West pit material once more, performance gains were sought for 
the Featherbed material - some 35 kilometres away by unsealed and sealed road. The 
Featherbed material is White rock while the Gaemond West material is classed as Red Pea 
gravel – a ferruginous material which has been shown to form concretions in the gravel 
range WQ33 (2000).  
Particle size distribution 
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A sufficient proportion of the Gaemond West material was required to bring the sand and 
small gravel fraction (2.36 & 4.75mm) above the lower limit of the ARRB unsealed 
wearing course envelope.  
 
Figure 5.3.11: Blend L sample against ARRB unsealed envelope. (Source: Smith 2016) 
Gravel performance indication 
A satisfactory level of theoretical performance is achieved from this blend which may only 
be improved by the addition of a material with a higher proportion of cohesive fines and 
subsequently greater linear shrinkage. 
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Figure 5.3.12: Blend L sample gravel performance indication. (Source: Smith 2016) 
Atterberg limits 
The resulting Atterberg Limits are presented in Appendix D. 
CBR 
Consistent with general trend of Maranoa region white rock, the Featherbed pit has a very 
high CBR of 82 which adds value to any particular blend it features in. In this case the 
resulting CBR of 69.4 is considered satisfactory for the production of a hard & tight 
wearing surface. 
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5.4 MRC & TMR Combination Blends 
5.4.1 Blend M - Wells’ + Featherbed Pits 
Sample description 
Located approximately 44 kilometres to the east of Roma on the Warrego highway these 
two pits are essentially adjoining, with a mere 2.5 kilometres separation. Both pits are 
classified as containing White Rock however the PSD curves for each material differ 
greatly. 
Particle Size distribution 
The TMR operated – Featherbed Pit displays a PSD curve which is significantly poorer 
with respect to compliance with the ARRB unsealed specifications. As can be seen, it is 
deficient for all sieve sizes with the exception of the 26.5mm & 37.5mm. The MRC 
operated Wells’ pit displays ‘armchair’ grading yet is still the more desirable road making 
material. A 50/50 blend was selected to correct the deficiencies in the Featherbed material. 
 
Figure 5.4.1: Blend M sample against ARRB unsealed envelope. (Source: Smith 2016) 
Gravel performance indication 
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Performance from the Featherbed material was poor, due to the broad deficiencies and low 
proportion of plastic fines. Blending with the higher plasticity Wells’ material has moved 
the performance from ‘corrugates and ravels’ to ‘good’. Satisfactory performance should 
be expected from this blend given the proportion of cohesive fines and the high CBR. 
 
Figure 5.4.2: Blend M sample gravel performance indication. (Source: Smith 2016) 
Atterberg limits 
The improved Atterberg limits for this blend are provided in Appendix E. 
CBR 
Both constituent materials in this blend had very high unsoaked CBR values, the resulting 
CBR of 106 is considered excellent for roadmaking. 
Material suitability 
Given the superior performance and high CBR of this blend, it would be well suited to use 
as an unsealed wearing course. 
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5.4.2 Blend N – Teddington + Basin Downs pits 
Sample description 
This blend was designed to average out the upper portions of each materials’ PSD curve. 
Both samples exhibit a lack of fines, which in turn results in poor overall performance. 
Particle size distribution 
Both of the sampled materials sit within the desirable PSD envelope, with both having a 
low proportion of valuable cohesive fines.  
 
Figure 5.4.3: Blend N sample against ARRB unsealed envelope. (Source: Smith 2016) 
Gravel performance indication 
Having little to no fines present, the performance of this blend was poor. This material 
would tend to ravel over time. 
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Figure 5.4.4: Blend N sample gravel performance indication. (Source: Smith 2016) 
Atterberg Limits 
The resulting Atterberg Limits are presented in Appendix E. 
CBR 
 
Material suitability  
Low in fines, would consider addition of clay rich sample from east of Surat. 
5.4.3 Blend P – Busiko’s + Mungalalla Reserve pits 
Sample description 
These two pits are located only 19 kilometres apart, connected by the Warrego Highway. 
There are a number of rural-unsealed roads branching off from the Warrego Highway in 
this part of the Maranoa which facilitated the design of a blend featuring these materials. 
After iterating towards an optimum performance, a proportion balance of 30% Busiko’s 
with 70% from Mungallala was chosen.  
Particle size distribution 
175 
 
The chosen blending proportions returned a highly satisfactory resultant PSD curve, which 
displays desirable proportions of most sieve sizes. Of greatest value is the proportion of 
material passing the 2.36mm sieve – indicating a high amount of useable fines. 
 
Figure 5.4.5: Blend P sample against ARRB unsealed envelope. (Source: Smith 2016) 
Gravel performance indication  
Given the above-satisfactory PSD curve of the designed blend, a matching level of 
theoretical performance was to be expected. This was provided as shown in Figure 5.4.6 
below. 
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Figure 5.4.6: Blend P sample gravel performance indication. (Source: Smith 2016) 
Atterberg limits 
The resulting Atterberg Limits are presented in Appendix E. 
CBR 
This blend has a theoretical CBR of 35.5 which is considered adequate for the purposes of 
unsealed wearing course construction. 
5.4.4 Blend Q – Stony Creek + 20 Mile pits 
Sample description 
This blend combines the Ridge gravel from the 20 Mile pit with the fines-rich Stony Creek 
material. With 80 kilometres separation between the pits and a high number of unsealed 
roads adjoining both of these pits – a blend which improved upon the deficiencies of the 
Stony Creek materials slippery nature was sought. 
Particle size distribution 
As mentioned in section 4.2.3, the Stony Creek material is rich in plastic fines which results 
in a ‘slippery’ road surface. To combat the abundance of fine material, a 65/35 proportion 
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was chosen to provide a PSD curve with improved compliance to the ARRB envelope as 
well as better performance. 
 
Figure 5.4.7: Blend Q sample against ARRB unsealed envelope. (Source: Smith 2016) 
Gravel performance indication 
The improved particle size distribution and reduction in plasticity from the original Stony 
Creek material has resulted in a fairly satisfactory GPI. The developed blend would be 
prone to dusting over time due to the high proportion of material passing the 0.425mmm 
sieve. 
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Figure 5.4.8: Blend Q sample gravel performance indication. (Source: Smith 2016) 
Atterberg Limits 
The resulting Atterberg Limits are presented in Appendix E. 
CBR 
A CBR of 41.5 was determined for this blend which is considered satisfactory as it is well 
above the nominal minimum of 15 for an unsealed base course material. 
Material suitability 
Given the large number of unsealed roads within the areas adjoining each of the pits 
considered in this blend, a better performing unsealed wearing course material would 
reduce the wastage of gravel through continual re-sheeting. 
5.4.5 Blend R – Brennan’s + Mungalalla Reserve pits 
Sample description 
Both of the materials used in this blend have satisfactory particle size distribution curves 
and also exhibit good theoretical GPI, with the Brennan’s material tending towards dusting 
due to its plasticity 
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Particle size distribution 
As shown in Figure 5.4.9, the developed blend’ PSD curve is compliant with the specified 
envelope with only minor deficiencies in the upper fractions. This PSD curve was achieved 
by a 60/40 blend. 
 
Figure 5.4.9: Blend R sample against ARRB unsealed envelope. (Source: Smith 2016) 
Gravel performance indication 
As stated above, the GPI for both the Brennan’s and Mungallala gravels was ‘good/dusty’ 
and ‘good’ respectively. The resulting blends propensity to dust was less than that of the 
Brennan’s sample and as such can be considered an improvement. 
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Figure 5.4.10: Blend R sample gravel performance indication. (Source: Smith 2016) 
Atterberg Limits 
The resulting Atterberg Limits are presented in Appendix E. 
CBR 
This combination has a calculated unsoaked CBR of 40, this is considered satisfactory for 
an unsealed wearing course material. 
5.4.6 Blend S – Penrose White rock + Balgownie pits 
Sample description 
By using geographical proximity to advantage, this blend aims to improve the inherent 
wide-ranging deficiencies in the Penrose White Rock sample by the addition of the better 
performing Balgownie sample. With a mere 20 kilometres separating these pits, mixing at 
either pit could be accomplished easily. 
Particle size distribution 
The TMR operated – Penrose White Rock Pit displays a PSD curve which is significantly 
poorer with respect to compliance with the ARRB unsealed specifications. As can be seen, 
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it is deficient for all sieve sizes with the exception of the 0.075mm sieve. The MRC 
operated Balgownie pit exhibits poor grading yet is still the more desirable road making 
material. A 50/50 blend was selected to improve the deficiencies in both. 
 
Figure 5.4.11: Blend S sample against ARRB unsealed envelope. (Source: Smith 2016) 
Gravel performance indication 
With the blend achieving better compliance with the specified ARRB unsealed envelope, 
and noting the reasonable amount of fines in the blend – a satisfactory performance was 
achieved. Further performance gains could be achieved with higher plasticity and better 
compliance with the ARRB PSD envelope. 
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Figure 5.4.12: Blend S sample gravel performance indication. (Source: Smith 2016) 
Atterberg Limits 
The resulting Atterberg Limits are presented in Appendix E. 
CBR 
A theoretical CBR of 28.5 was returned for Blend S, this is considered satisfactory.  
Material suitability 
The region surrounding these two pits is dotted with Gas wells which are connected by a 
vast network of unsealed roads. By improving the performance of this road through 
pavement modifications, a reduction in pit material usage could be achieved whilst 
providing a better road surface for the industries using them daily. 
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5.5 Results commentary 
Utilising the Grading spreadsheet, up to 4960 combinations are able to be developed. This 
number would be much less due to the probability that not all combinations would display 
satisfactory GPI. Further to this, using a 5% material increment some 5.4 million blends 
are possible – again, not all would be useful as only those with satisfactory performance 
and grading should be considered for use. 
Due to the sheer number of combinations possible, only a small number have been analysed 
in this project due to the geographical proximity of each of the pits to one another – in the 
order of 100 to 150 kilometres’ direct separation. 
Blends made up of materials from both Maranoa and South-west district operated sources 
are considered to be a viable option due to the good relationship between these 
organisations, currently, these two organisations utilise materials from one another’s pits 
for the construction of sealed roads in the region (AM Hoffman 2016, pers. comm., 6 June 
2016). 
Due to the exclusion of the 13.2 & 6.7mm sieves from all TMR PSD analyses, these values 
have been inferred by linear interpolation in order to arrive at a number of satisfactory 
combination blends using material from MRC and TMR pits. Atterberg limit calculations 
for a number of the blends may also differ from actual due to the absence of reported 
Atterberg limits in some of the TMR provided reports. 
In general, blending TMR materials was difficult due to the poor conformance of the 
materials to the prescribed unsealed wearing course PSD. This was to be expected given 
the information obtained from Technical Note WQ33 (2000): Western Queensland Best 
Practice Guidelines. The main deficiency in the materials encountered was a lack of 
particles in the 4.75mm to 19mm sieve range. A significant deficiency in the most easterly 
white rock samples includes not only low percentages passing above the 4.75mm sieve but 
also the 26.5 mm sieve.  
As mentioned at the beginning of this report, pit samples which did not have tabulated 
particle size distribution were excluded from further analysis. As shown in the figures in 
the above section, many of the samples were low in plastic fines. This presents an 
opportunity to include these samples to bolster the proportion of plastic fines into each 
blend thus improving performance. 
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5.5 Conclusions 
Attentive & detailed prospecting of potential pit deposits is critical to identifying the size 
and distribution of useable materials which may be extracted for the express purpose of 
unsealed road making. Once identified, the handling of the won material must be controlled 
to avoid overworking, given the friable nature of many of the sedimentary gravel types. 
Overall theoretical performance is poor from the TMR materials when compared to those 
of the Maranoa region, this is thought to be due to the vastly differing geomorphologies of 
each area. This variability was eluded to and subsequently confirmed by Technical Note 
WQ33 (2000).  
With that in mind, good performance in service can be achieved by adherence to the 
stipulated construction practices for unsealed roads as detailed by Giumarra (2009) in the 
Unsealed Roads manual – Guidelines to Good Practice. With the main areas of focus being: 
• Ensuring that the cross-section of the road is such that there is adequate crossfall 
and suitable table drains to direct water away from the pavement during rainfall. 
• Blended materials are laid at optimum moisture content (OMC) and compacted in 
accordance with the guidelines as set by Austroads (2009) - AGPT06-09 or to 98% 
of Maximum Dry Density. 
• Production processes, such as screening and blending do not excessively overwork 
the material so as to alter the particle size distribution or promote segregation 
within the mix which may adversely affect the performance thus reducing the time-
to-rehabilitation which in turn drives costs up. 
Of the 17 blend designs listed, 7 of these returned California Bearing Ratios less than 30, 
the lower CBR values would require more pavement material when constructing pavement 
layers in accordance with the Empirical base course design charts as given in 
AUSTROADS (2009). The feasibility of this practice would need to be weighed up against 
the volume of traffic using the road, cost of implementation, and  
In order to ensure the practicable application of the blended gravel products, determined in 
this chapter, to the road construction process, further analysis of both the logistical and 
operational cost and administrative considerations must be undertaken.  
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Chapter 6 – Sustainability Considerations 
Sustainability within government organisations is no longer a buzzword, thrown around 
to make management feel warm inside, it is a business necessity. It is the difference 
between those organisations who will thrive into the future and those who will be left 
behind. Fiscal sustainability can be improved by the implementation of practices which 
improve the environmental sustainability of a core business activity that is, road 
construction and maintenance – this paper shows that the two are intrinsically linked and 
that the cheaper, short-term solution of patrol grading presents is a false-economy. It is 
therefore the responsibility of these organisations to identify areas in which the 
introduction of improved practices will promote the efficient use of fiscal and natural 
resources. 
As highlighted previously, the conservation of gravel is becoming an ever increasing 
problem, both from the decreasing availability of suitable construction materials and the 
prohibitive environmental protection legislation which limits the exploration and 
utilisation of quarried materials. Take South Africa as an example, in order to develop a 
borrow pit in South Africa, the requirements of about 27 Parliamentary Acts currently 
need to be satisfied Giumarra (1997). In Queensland, the Department of Environment and 
Resource Management or DERM ensures road building organisations are adhering to the 
Environmental Protection Act 1994, and administers the Code of Environmental 
Compliance. This code and in particular ERA 16 which applies to Extractive and 
screening activities details 20 conditions which must be met in order to satisfy the 
requirements of the code. Non-compliance with this code attracts heavy penalties which 
shall not be detailed within this paper. 
The continual replacement of gravel for unsealed roads is not an environmentally 
sustainable practice and given the vast stretches of road in the more remote parts of the 
South-West district, which experience low traffic volumes, it is not feasible to seal these 
roads from a “place-making” viewpoint. Various techniques for reducing the required 
amount of gravel needed for unsealed road re-sheeting have been identified as part of the 
comprehensive literature review completed for this project. 
Given the vast expanses of the South-West district and the lack of technical staff in the 
more remote areas it becomes an expensive endeavour to conduct detailed prospecting for 
useable road making gravel deposits. Yet to ensure that the best quality of road making 
materials is won, detailed prospecting is a necessity as outlined in the Western Queensland 
Best Practice Guidelines – Material Sources in Western Queensland  
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As is often the case on roads in western Queensland & New South Wales, heavy vehicles 
make up a significant proportion of the vehicle volumes these roads are required to convey. 
This presents an opportunity to assess the usefulness of these principles as a tool for road 
practitioners to use in their endeavours to maintain a high level of service to road users 
whilst reducing; demand on a finite resource pool, perpetual costs associated with 
programmed maintenance activities and risk of damage from natural disasters. 
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Chapter 7 – Conclusions 
The project has quantified the quality and performance of the unsealed wearing course 
materials currently in use on the Maranoa Regional Council and South – West districts road 
networks. Having identified the performance of these materials the project then identified 
a practical method for improving the performance of materials in-service by blending 
deficient gravels with gravels which exhibited better performance. These designs offer 
MRC and SW with pertinent information to determine the effectiveness of the available 
pavement gravels and the techniques employed in the maintenance of their unsealed roads. 
The project identified methods of aggregate blending as a stabilization technique to be used 
in the design, construction and reconstruction of unsealed pavements which will improve 
the resilience of the road during wet weather and give added strength under heavy vehicle 
loading. The project identified the methods by which unsealed pavements deteriorate and 
the development of an MS Excel Grading spreadsheet quantified 32 standalone gravel 
sources and the theoretical in-service performance, of which 16 – two-pit and 1 three-pit 
gravel blends were designed to provide a higher level of theoretical in service performance. 
The project has successfully provided the researcher with a deeper understanding of the 
types of materials encountered in the chosen region of focus, and the technique of granular 
stabilisation. Throughout the completion of this paper it has become clearly evident that 
there is enormous variability in the location and distribution of gravel materials and also 
within individual pits themselves. This has highlighted the need for careful prospecting 
techniques coupled with expert gravel winning techniques, to obtain the highest quality of 
material from a pit at the time of extraction. Material should not be extracted too far in 
advance of use as this presents an opportunity for the material to suffer from leaching, in 
the case of many of these marginal materials it is the fine material passing the 2.36mm 
sieve that is of utmost importance to the overall performance of the resulting wearing 
course it forms. 
Where blends have been identified within TMR materials exclusively, there exists 
opportunity for the use of these blends on adjoining local roads and for the upgrade of 
unsealed shoulders on the TMR road network in the areas within reasonable geographic 
proximity of the blends’ component pit materials. 
There is no doubt that, despite the environmental consequences and continual consumption 
of finite resources, unsealed roads will be in use indefinitely. However, it is clear that with 
a deeper appreciation and understanding of road building materials, appropriate material 
selection and construction procedures, the performance of these vital roads can be 
improved and the consequent negative environmental effects can be significantly reduced. 
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Chapter 8 – Recommendations  
The information pertaining to the current performance of gravels used for the construction 
of unsealed roads can be of great value to not only Maranoa Regional Council and TMR’s 
South-West district, but to any authority with responsibility over the maintenance and 
construction of unsealed gravel roads. The technique of granular stabilisation and blending 
is not limited by geography. With a thorough understanding of the physical and chemical 
properties of a particular gravel source – proven techniques are available to obtain the 
highest practicable level of performance from that material.  
This report could form part of a small project in cooperation with Maranoa Regional 
Council to conduct a number of pavement trail sections. The sections would be identified 
due to their proximity to a number of the Blend designs which displayed higher levels of 
performance. The length of section need not be excessively long, a length of 200 – 400 
metres would be sufficient to observe the differentiation between wear and deterioration 
on the untreated section versus the section with stabilised pavement. 
A number of pit samples to the north of Roma were significantly gap-graded. In particular, 
Durham Road and Glen Arden roadside pits could be improved in the 2.36mm to 26.5mm 
range by addition of blasting spoil material from the Maranoa Regional Council operated 
Gubberamunda hard rock quarry located 40 kilometres to the west. This material is crushed 
and screened at the quarry but due to the presence of impurities (clays) it is rejected for use 
as either concrete or spray seal aggregate. The pit also has a large supply of overburden 
soil which has a high proportion of gravel sized particles which, pursuant to further testing 
would be an ideal material for an unsealed wearing course given the strong aggregates it 
contains. 
Opportunities exist to reduce the degree of dusting by the introduction of proprietary dust 
palliatives. The names of such products will not be discussed here however a number of 
products exist both in powdered and liquid form which bind to the fine particles thus 
reducing their tendency to be either washed or blown from the road surface. One such 
product which is blended during the pavement placement and compaction process has been 
used to effect in Central Queensland with gains to strength evidenced in higher CBR values 
obtained by Dynamic Cone Penetrometer. The use of such palliatives could improve 
sustainability through minimisation of valuable pavement fines. 
It must be stressed that the project did not aim to identify shortcomings in the current 
standards, more so to identify deficiencies in knowledge transfer and instances where 
utilisation of sound research can be implemented to achieve a more regionally focussed 
approach to pavement construction and rehabilitation, providing suitable materials can be 
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obtained and compliant construction techniques are adhered to. This shall be a positive 
effect of the project whereby road practitioners with many years of road construction & 
maintenance experience and understanding of locally sourced materials have the ability to 
source materials for road making and rehabilitation which will achieve better performance 
and comply with current guidelines and standards. 
Chapter 9 – Future Work 
While this thesis has identified the potential for improving the sustainability of unsealed 
roads through identification and implementation of improved pavement blends, many 
opportunities for extending the scope of this work remain. The following points present 
some of the avenues available for further work: 
• Identification and analysis of blends to include those of the pit samples excluded 
from blending analysis using the Grading spreadsheet due to their lack of particle 
size distribution data. Due to time constraints, further analysis on sample reports 
to select those materials which have superior or satisfactory fines properties as 
stipulated in the Unsealed Roads Manual, Guidelines to Good Practice. The 
identification and quantification of theoretical performance for these pit materials 
may assist with the further improvement of blend designs identified within this 
report and promote the design of new blends. The selection of the constituent pits 
to be used for blending may be done so using the geographical separation theory 
as highlighted in Section 3.1.4 – Material Blending Model. 
• Advancing the utility of the Grading spreadsheet to be able to automatically 
calculate any number of potential blends using the cost and transport metric and to 
set up the model to rank all identified potential blends in order of cost or theoretical 
performance to allow road practitioners to select from any number of blends using 
those metrics. The inclusion of traffic volume data for the stretch of road planned 
for upgrade which can then be compared to ranking of the class of road as given in  
Austroads (2009) AGPT06-09 Part 6: Guide to Pavement Technology – Unsealed 
Pavements. 
• Advocating for the implementation of a granular stabilisation trial section amongst 
local government authorities to enable in-service trialling of the pavement blends 
identified within this report. Promotion of the techniques discussed in Chapters 3,4, 
& 5 of this thesis using informal education sessions for key stakeholders and 
decision-makers within local government authorities informing them of the 
potential positive benefits to the environment and their bottom line which can be 
derived by gravel blending 
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• Potential for TMR blends presented in Chapter 5 to be used on future shoulder 
widening projects similar to the Western Roads Upgrade Project where TMR 
specifications for shoulder pavement materials do not provide satisfactory 
performance when left unsealed. 
• Research and testing into the addition of stabilising agents (lime, cement, 
pozzolans) to designed pavement blends for the purposes of chemical stabilisation 
and to improve strength where the blend’ CBR is low and approaching the nominal 
minimum value of 15. An extensive review of current literature pertaining to 
stabilisation would assist in determining the practicality and feasibility of such 
processes when applied to the marginal materials encountered in South-Western 
Queensland. 
It shall be noted that the estimation of wearing course and base course thicknesses was not 
included in this study but has been considered as part of the works to improve the 
functionality of the Grading spreadsheet which will then allow road practitioners to place 
firmer costing figures to a particular road upgrade project when fiscal and logistical 
parameters are factored into the model. 
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Appendices 
Appendix A – Project Specification 
ENG4111/4112 Research Project 
Project Specification 
For:  Benjamin Smith 
Title: Identifying best practice pavement design for an unsealed road network 
to achieve sustainability improvements 
Major:  Civil Engineering 
Supervisors: Associate Professor David Thorpe 
Sponsorship: Queensland Department of Transport and Main Roads - Roma. 
Confidentiality: This project, if required, will remain the property of Queensland 
Department of Transport and Main Roads. 
Enrolment: ENG4111 - EXT S1, 2016 ENG4112 - EXT S2, 2016 
Project Aim: To investigate methods of aggregate blending as a stabilization technique 
to be used in the design, construction and reconstruction of unsealed 
pavements which will improve the resilience of the road during wet 
weather and give added strength under heavy vehicle loading. The project 
aims to develop an MS Excel spreadsheet which will aid road 
practitioners in the selection of pavement mix configurations which fit 
within grading criteria, satisfy durability constraints, whilst also reducing 
material costs. 
Programme: Issue A, 16th March 2016 
1. Undertake a literature review, including the standards and guidelines relating to 
granular pavement stabilisation. 
2. Identify current pavement construction methodologies employed by road 
practitioners in Central and Western Queensland. 
3. Identify reliable source of raw aggregate grading data.  
4. Collect aggregate grading data from 5 working road base supplying quarries. 
5. Classify samples and import data into spreadsheet. Attach location and cost 
metric to data if not already provided. 
6. Identify the qualities of unsealed road which contribute to resilience and minimal 
wearing during wet weather events.  
7. Develop user requirements for a computer system to determine the suitable 
pavement mix using MS Excel.  
8. Write and submit dissertation in required format.  
If time and resources permit 
9. Develop pavement configuration model in MS Excel. 
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10. Conduct an in-service test and continually monitor wearing course. 
11. Make recommendation on potential revisions to any and all related standards & 
guidelines to include findings from project and model. 
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Appendix B – MRC Potential Blends 
Blend A – Busiko’s + Lussvale.  
 
Blend B – Stony Creek + Basin Downs 
 
Blend C – Stony Creek + Ashling 
 
Blend D – Basin Downs + Balgownie + Stony Creek Pits 
 
Blend E – Byzantium pit + Balgownie Pit 
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Appendix C – TMR South West District Blends 
Blend F - 32.7km Pit + 166km Pits 
 
Blend G – 32.7km pit + Eromanga Pits 
 
Blend H – Charlotte Plains + Cuttaburra Pits 
 
Blend J – Trunkey Hill + Tinnenburra Pits 
 
Blend K – Penrose White Rock + Gaemond West Pits 
 
Blend L – Gaemond West +Featherbed pits 
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Appendix D – MRC & TMR South-West District Blends 
Blend M - Wells’ + Featherbed Pits 
 
Blend N - Teddington + Basin Downs pits 
 
Blend P – Busiko’s + Mungalalla Reserve pits 
 
Blend Q – Stony Creek + 20 Mile pits 
 
Blend R – Brennan’s + Mungalalla Reserve pits 
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Blend S – Penrose White rock + Balgownie pits 
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Appendix E – Material Testing results 
Maranoa Regional Council Pits 
Busiko’s Pit 
Lussvale  
Stony Creek 
Ashling 
Basin Downs 
Bendoba 
Brennans 
Wells’ 
Balgownie 
Byzantium 
TMR South-West District Pits 
Glen Arden Roadside 
Durham Road 
Eromanga 
’59 km’ 
Mungalalla Reserve 
Victoria Downs 
20 Mile 
Featherbed 
Trunkey Hill 
Teddington 
Euthulla Bore 
Penrose White Rock 
Raceview 
‘32.7km’ 
Wells’ 
Gaemond West 
Charlotte Plains 
Tinnenburra 
Cuttaburra 
‘166km’
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Appendix F – Cost of road upgrade following Natural Disasters 
In October 2015 the State Government announced the Western Roads Upgrade Project 
(WRUP) with a forecasted cost of $40 million. The project was established with the aim of 
boosting economic development and job sustainability in Western Queensland and was 
forecasted to be completed in 2017. (Queensland Government 2016). 
The focus of the upgrades has been widening and shoulder rehabilitation and sealing to 
improve freight movement efficiency and safety, and to reduce ongoing maintenance costs 
of the state-controlled road network. 
The routes earmarked for upgrade within the SW region include; Bulloo Developmental 
Road between Cunnamulla and Thargomindah, Balonne Highway between Bollon and 
Cunnamulla, and the Mitchell highway between Barringun and Cunnamulla. 
Of the projects announced in the program, 20 were planned within the SW region for 
completion in the 2016/17 period. Each of the projects required site inspection, detailed 
survey, pavement investigation, road design, hydraulic design (where culvert upgrades 
required), seal design, construction setout, and finally construction. 
Significant road asset damage was caused by devastating flooding in Queensland of 
2011/2012 which was estimated to cost the State approximately $6 billion to repair to a pre 
flooding condition.  
NDRRA Expenditure by type (Source: Queensland Treasury 2011) 
Table 3.1 
Summer 2010-11 Floods and Cyclone Yasi Expenditure by Type5 
 2010-11 
$ million 
2011-12 
$ million 
2012-13 
$ million 
2013-14 
$ million 
Total 
$ million 
NDRRA Expenditure 
State roads 193 900 900 900 2,894 
Local Government assets 465 1,263 1,017 .. 2,7461 
Other State assets 93 51 5 .. 150 
Payments and support services to 
 individuals and communities 
92 46 39 .. 1772 
Small Business, Primary 
 Producers and Non-profit 
 organisations – Grants 
111 156 .. .. 267 
261 
 
Small Business, Primary 
 Producers and Non-profit 
 organisations – Loans 
61 328 .. .. 389 
Other 26 22   483 
Total 1,042 2,767 1,962 900 6,671 
Non-NDRRA Expenditure 60 38 30 .. 1284 
TOTAL COST 1,102 2,805 1,992 900 6,799 
Notes: 
1. Includes $315 million Local Government Infrastructure Package and $15 million Cassowary Coast 
Support Package. 
2. Includes emergency assistance payments, Community Recovery Package, other Department of 
Communities costs (including counter disaster) and Mental Health Package. 
3. Includes other counter disaster cost estimates and $20 million Rural Resilience Fund. 
4. Includes non-NDRRA costs plus cyclone shelters. 
5. Numbers may not add due to rounding. 
 
 
